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I. INTRODUCTION

This document is the twenty-fifth in a series of informal monthly

letters reportin& progress of the NERVA engine development program and its

associated tasks, and is submitted in partial fulfillment of AEC-NASA

Contract SNP-I. _is document covers the month of July '1963, and is the

tenth monthly report to be submitted durin 6 NERVA Contract Year 1965

(i October 1962 through 30 September 196)),

Work performed in each reporting period is discussed by task item

number as defined in the contract. _ order to restrict the -mount of

material present__d to a convenient quantity, the intent is to include in

each monthly report only that discussion which is required to provide the

reader with a concise sum_ry of the work _erfonmed. In general, detailed

technical information, lengthy theoretical derivations, and extensive data

tabulations have been purposely omitted. These details will be provided

as appropriate in special technical report_.

This document is the result of combined input data from NEON;

Westinghouse Astronuclear Laboratory; Bendix Products Aerospace Division;

AMF Atomics, a Division of American Machine and Foundry Co. ; and Liquid

Rocket and Downey Plants of Aerojet-General Corporation.

Introducl
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Pepgrt No. i05c.,0-I0-_5

II. SU_4_RY

During the report period, extensive efforts by all Program Participators

were directed towards preparation of the Program Plan for CY 61_.

A preliminary draft of Revision D of the _ Model Speclfica, ion (S-P_))

was s,bmi%ted to SNPO-C on 12 July. _._nis major revision and updatin_ of the

Engin_ Specification will be issued in fitful form after review by _;PO-C.

A new thrust bearing desi@_n was evaluated at 16,0OO rpm in the turf:the

tester, performin_ satisfactorily with an. Armmlor lhin line cage for 9 2

minutes at a thrus t. lead of 2000 ib

l'_rel{minary results of the three hydrosta+ic .'es÷ phases on lhe titanium

pressure vessel indicate that all ob_ecti_,es were achieved.

A round-trip shipping demo__¶r_vicn Zest of a dummy reactor was success-

fully conduc*ed betwee_ _he As'ronuclear Labo_atorieu a_ Large, Pa., and the

MAD Buildin6 at NRI%S.

Orlficing and clus*erin_ for .1_hase ! vlbrstign reactor has been completed,

and all clusters have beer assembled int_ the core.

All unloaded core elements for the NBX-A! core, including elements modi-

fied for instrument.a'ion, were received from U$2:C, _._.d_O_ of the loaded ele-

ments for NBX-A_ c%re are now in prDcess

Two failures of the dy_smic shaft seal used on _he TP$V actuatDr occurred

durinE room-temperature acceptanze testing. Alterna_.e seal confi_r_ions are

being manufactured and tested to preven_ future failures

_he N_X-AI Opera+i_nal Support Plan was issued.

7 Sun_ary, P_&e I
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Report Iio. L0560-10-25

Item i.i ENG_E SYSTEM

A. SUB-SU_TASK i.i. 0 - SYSTEMS

i. E-Block I - Engine De.sign

Revisions were completed of REON drawings 089507 and 088255,

Block I E,,gine Assembly and Installation, respectively. These rev!zlons include

relocation of the pump discharge llne and the turbine inlet llne, and addition

of a diluent extraction line from top of pre3sare vessel outlet to turbine inlet

and the General Electric drum control actuators. Drawing modifications are being

made to reflect the latest E Engine design for release by September 14 (Milepost

I0). This is a contin_ation of the effort previously reported.

Revision "F" of the planning parts llst for the Hot-Bleed

RERVA Engine was issued during this month. The compilation of data for Revision

"G" _s initiated.

Design effort continued on an interface control drawing estab-

lishing the remote disassembly and assembly sequence for the E-Block Engine.

REON drawings 08686_ and 086865, Hot-Bleed Installation and

Assembly, respectively, for the ._X engine were completed in accords.nce with pro-

@yam commitments, to revl-e the FX Engine Model Specification, AGC-IO095.

A lab-out drawing was completed of the control-drum actuator

interfaces between the I/_ pressure vessel and the GE actuator mounting flanges,

showing a candidate ms,nifolding system with the amplifiers mounted integral with

the actuators. This drawing is being used as an interface control document.

2. interface Gages

The I_J(-A2 tool design revisions of the shield-to-reflector

match plate and the pressure vessel closure-to-cyllnder match plate_ as well as

the master gages for pressure-vessel cylinder and closure, were completed. Fabri-

cation of other match plates and master gages are continuing on schedule.

). S_ectfic&tions and Documentation

A preliminary outline of the Block I Design Specification is

being studied b_- PZC:T.

ii Task i, .-'°agei Item I.i
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Revislcn D of the FX-Englne Model Specification was forwarded

to SNPO-C on 12 July 196:, as a preliminary Issue. After review by the customer

and other authorized recipients, a final draft will then be submitted.

Effort was continued on the forthcoming revision to the Engine

System Data Book.

B. SUB-SUBTASK 1.1.2 - COLD FLOW DEVELOPME:_ T_ST SYSTK.4 (CFDTS)

I.

The turbine inlet line confi&1_r_tion w_s reviewed and defined

for final design.

The study of the assembly, handling, and transportation of the

CFI)TS is continuing.

The completed conceptual design of the propellant suppl_' from

the H-5 tank to the CFDTS tank shut-off valve w_s reviewed and revised. Detailed

design is now in progress. A test facilities instrumentation list is currently

being compiled for the CFDTS.

Work on the sequence plan drawing and design of the _equence

assembly was continued.

2. Test

Ground rules are being established for the development of a

test program, to evaluate the effects of cha.uglng the turbopump assembly and

varying the propellant tank pressure and the TP_ and diluent valve settings.

The preliminary pre-test analysis, which defines the expected

operational range of the CFDTS, was released. Based upon this analysis, the

operational limits for the CFDTS ejector system are being evaluated.

Efforts continued on revisions to the preliminary test plan.

The measurement requirements list is being rev_._ed, utilizing

the pre-test analysis and the latest NRX-A1 information.
.b

F
L.

n
12 Task i, Pnge 2
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Report Nc. L05C0-I0-_5

C. SUB-SD__TASK 1.1.6 - ENGINE SI'STEMZ _ALYSIS

i. Steady-State _al_s ls

The modification of the nuclear engine ane_sis progr= ....to al-

low analysis of the NRX-A system has been completed. Based on the propose_ test

run profile, various steady-state operating points were established• Cycle

schematics using these various operating points were issued.

At. investigation was completed of the core-fuel-channel ori-

fice sizes necessary to provide equal exit gas temperatures in all fuel channels

at design point. This involved a modification to the core, fuel element, and tie

rod program to automatically give optimum orifices. Currently, the program is

being modified to provide optimum tie rod charnel orifices to allow equal exit

gas temperatures at design-point operation.

Several nozzle transient analyses were made of Jacket tempera-

tures for tube and cast aluminum as anticipated for LO2-_ 2 slm_lation tests.

Runs were made using an experimentally determined value of contact conductance

between the tube stud Jacket and a ccnducts.nce one order of magnitude greater.

Other runs have been made using other possible Kiwi nozzle configurations. In

none of the runs vere the temperature differences in the aluminum Jacket greater

than 50°R, except for the case of the high-contact conductance, where the tempera-

ture difference was 95°R..

Tze component analysis program, written to predict component

limttinE temperature ; and press ares, was modified and included in a reactor

kinetics code. Integration of these two programs will allow analysis of possi-

ble reactor accidents.

A -_'tal bottom suppor t plate subroutine intended for inclt_sion

in the nuclear engine analysis program was collated and checked out. An analy-

sis of a possible Westinghouse bottom support plate design has been initiated.

InvestiEation of the Kiwi B-2 core perimeter installation was

completed, as vas the B-2 support rocker arm thermal analysis. It was found,

for the cooling scheme constdered_ that no serious therm_ gradients existed in

the rocker ares, and that any possible gradients might _ avoided by cooling

13 Task 1, Page 3 Item 1.1
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holes in the rocker arms. A_nalyses of other thermal details of the Kiwi B-2

core were completed. An saalyzls of Kiwi B-2 core flow chsuracteristics for

full range of laminar rand t'_rbulent flow durin_ cooldown, was beg_n.

The hydrogen properties deck was extended to include an r_py

in the two-phase re_ion. Currently, zonic velocities over the full r_nge of two-

phase fiow conditions _re being calc,_lated.

A digital computer model of two-phase flow was written, it i::

intended to use this model _.o correlate theoretlcai two-phase heat-transfer

correlations with experimen_zl data.

2. Trans ien_ Ar_l_si_

a. CF_-_f$-'_'namic ._nalysis

A prelimins/_ pre-test _nalysis of the Cold-Flow Develop-

ment Test System --As completed stud %he results reported _.n REON Tecnnlc_l Memo

7)8:65-20&. Start transients were obtained for the power-range _nalo6 simula-

tion of the AJO0-5 Hot-Sleed Cycle engine. The effect of v_rious initial TPCV

settings on the attained pes_ pre&sure was determined with zero power input and

for two cases of diluent _leed flow• The computer results were then ,mad as a

basis for recommending -'9_trument ranges for the CFETS.

b. Power-Range Simulation

The mathematical engine models used in the linear smaly-

sis and on the analog computer were checked, showing consistent results.

Yne effect of the latest mathematical model on the con-

trol system compensations was Investigated. The three-se-.tion core representa-

tion h_d to be re-examined to insure that accurate core transients would be

_enerated during start-up and st.esdy-state operation. Various three-section core

models were tried on the analog co_,puter and checked with the linear analysis to

determine the most accurate method of representing core transients.

Gains and tame constants representative of the _t_RVA

engine dynamics were calculated for five different power level points. Agree-

ment between the calculated time constants and those measured on t_he analog

computer has been established.

lh Task i, Page h Item i.i
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Report No. L0560-10-25

The results of the linear analysis and the computer simu-

lation of the Hot-Bleed ._VA engine system are being integrated into a report

which, It is anticipated, will be issued near the end of August.

c. Cool-down

Work on the cool-down transients has been devoted princi-

pally in reduction of" the analog computer, and initiation of a report covering

the preliminary results of the cool-down study• This report is scheduled for

issuance during the next report period.

d. Data Analysis

Data reduction and analysis plans for NRX A-1 were re-

viewed. Procedures are being developed to permit "qulck-look" presentation of

the information recorded on magnetic tape.

Debugging continues, of the LRP NERVA data package, the

time series data edit program, and the program to rearrange the data from the

LASL format into the LRP format.

D. SUB-SUBTASK i.i.7 - INTERFACE MOCKUP

The test plan for the pressure-vessel closure interface mockup was

completed and fabrication is continuing.

E. SUB-SD_STASK 1.1.8 - NRX-A INTEGRATION AND DOCUMENTATION

i. Design Integration

a. NRX-A Assembly

REON drawing 0923_9, _RX-AI Final Assembly, was not re-

leased as scheduled due to lack of design information related to installation

of reactor instrumentation. The required input is exacted during the next

reporting period.

REON drawir_ 091882, NRX-A Nozzle Interface, _s revised

to include mounting provisions for the planned instrumentation. These revisions

will allow the instrumentation t: be interchangeable between the Rocketdyne and

AeroJet nozzle.

15 Task I, P_e 5 Item i.i
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RE01_ drawing 09i3_.,0,Interface Control 3_X-A2, is being

revised at the present time, to incorporate the design detail necessary for instru-

mentation boom attachment. !_nis drawing will be used _ a control draw'ng for _oth

N_-A2 and NRX-A3.

P_O_; drawing 0_12_._; Propell_nt Supply Line !uterface, was

issued showing required instrument z._ion bo_e_.

._ t tRE02_ drawing 2c_,_L ,_hcwing the diagnostic instrumenta-

tion on the pre_:sure ves_el and r.ozzle, _ not ye_ released due to extensive

drafting requirements.

t. Test Car inst_l!_tion

WAI_L Dr_aw_ug 95cJha_, ?e_t Car Assembly, was no% released

due to the requirement for the incorporation of in._trumentation boom support de-

tail. Due to this delay and because of l_ck of ins%ra%entation interface informa-

tion, preparation and release cf the .RiC_[drawing _',')_"___-c,Test Article Installa-

tion, was also delayed•

2. NPJ(-A Documentation

,_. __D(.-AITe_t Specification

The first rough draft of the NRX-AI test speeificaT.ion

was completed by W&%-5 and transmitted to 5ZON and LR? for review. 'l%e document

was reviewed stud an integrated list of significant comments prepared• Duxing

early August this list will be reviewed with WA.%TLto upgrade the document as re-

quired. These agreements will form the b_is for a "_mooth" draft of the docu-

ment which will be transmitted t.o the other _%rticipating organizations and non-

contractor agencies for final review during August 1965.

b. :,_X-A2 ?e_t Pla_

._,e _%_X-_2 test Flan has been initiated, based upon a

test profile of lO0_ power condlticns dua'ing the test. This information will

be transmitted during August to WA_ for preparation of a rough draft of the

NF_X-A2 test plan.

16 Task I, Page 6 Item I.i
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c. N_X-AI Test Procedures

Definition of the various procedures which will be pre-

pared by NfO in support of the NRX-AI test acuAvity was made during this report

period and reviewed by representatives from NTO, ._OK, and S.N?O-C. .Most of +.hose

procedures sore in preparation _nd will reflect the applicable requirements of the

NRX-AI test speclflc_tion as tha: document is finalized. A rough draft version of

the test specification '_az _ransmitted by WANL' %o )_I_Dfor review and to expedit_

technical aoordinatlon between ,+.heorganizations involved in NRX-A documentation.

d. !_RX-AI Non-Nuclear Hardware Acceptanc_ Test Plan

",.crkwzs completed cn the first draft of the NRX-AI Cold

Flow Accep'_ance Tezt Plan. i_ is expected that the plan will b_ reviewed _nd ap-

proved by LRP and REON _nd issued during August.

F. SUB-SUBTASK 1.1. _ - )_RVA/RIFT COORDI)IATION

i. Interface Coordination

A NERVA/RIFT mechanical interface meeting was held at SNPO-C

on 9 J_ i._3 with personme! from SNPO-C, NVPO, I_C, WANL, and REON in attend-

ance. A general review was made of NERVA/RIFT mechanical interface work accom-

plished to date.

A second :_imil_r meeting was conducted on 18 Jul_' at P_'ON, with

LMSC and REON personnel in attendance. A decision was made to study both the AGC

thrust-vector-control engines and !_SC thrust-vector-trim engine configurations,

which would result in a joint AGC/IJBC report.

2. Support Studies - NERVA Engine Operaticnal Requirements

The major effort to date has been concerned with establishing

the design growth potential for operational engines based on NERVA/RIFT tech-

nolo_. Ground rules were selected from which various engine categories, based

on mission requirements, were defined in terms of operational and performance

capabilities.

The following engine categories were selected for investiga-

tion:

17 Task I, Page 7 Item i.i
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Report No. L0560-IC-25

Mod 0 - ._VA Flight Test Engine

Mod 1 - Early [:_erational _RVA E_giue

Mod 2 - _'_lly-Dper_z.ional Orbital-Start ._ERVA Engine

Mod _ - Fully-Operational Sub-Orbital-Start k_BVA Engine

Within the Mcd 2 and 3 categories, -_cla_ions ma_- be identified,

depend._ng upon the mission mode. _-or example, the number of starts and cool-down

cycles ma_ differ from ere s,ab-Mod to another, resulting in significantly differ-

ent propulsion systems.

Pre!imir;_ry analy_es have indicated that the aoz_le-wall tempera-

ture is the ms.jor llmi$ir_ p_-amezer in achieving ._ig_ner engine performance. Basea

on this constraint, nwo major c_tegories cf operational engines appear possible

within the existing ._R_A design... _o first category identified above as Mod 2

is based on the growth potential within the pre_ent design without modifications.

The second category referred to as Mod 3 i_ based on +he growth potential within

the present reactor desi@n with ma_or modifications or new non-nuclear components.

18 Task i, Page 8 I_em 1.1
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Item 1.2 _ROPELLANT FEED SYST_

A. PROPELL_NT FEED SYSTE_A_SEMBLI_

TheM ark IV, Hod 2 installation and interface layou_ of the Pro-

pellant Feed Systemwas completed.

The preliminary mechanical interface control drawing for in-

stallation of the PFS at NARF was completed.

A post-irradiation test disassembly and inspection procedure

for the _adiation-Effects Static-Seal Test Assembly was published.

This ass_ly was subjected to a radiation envi_nment at the

General _amlcs facility, Fort Worth, Texas. Following sufficient coeli_

to allow manual handling, it will be returned to LRP, where the post

irradiation portion of the test will be conducted.

Test cells have been fabricated which simulate the butt welds

between flar_e and tubinE joints of the Propellant Feed System joints. Burst

tests were conducted with these test cell_. The cells burst at 8_O and 12_O

psig, respectively. The test cell with the hiEher burst pressure had been

heat treated after welding to restore it to its original T6 condition.

Design analysis of the Mk IV TPA turbine exhaust line is complete.

Completion of the prototype pump suction line fabrication has

slipped _o the first week in August due to fabrication problems.

Analyses were eccomplished in July of the pump-discharEe turbine°

exhaust _anifold, turbine-inlet, diluent-sectlon tube assemblies, and of the

coupling tube. All components were found to have adequate structural

integrity• In addition, the analysis of the single Conoseal quick-disconnect

_oint was completed.

B. VALVES

The radiation effects test plan for the I_OV and the post irradia-

tion test disassembly and inspection procedure for the TSOV and TSOVoPVwere

published. The acceptance test requirements for the tank shutoff valve were

completed.

19 Ta£k l, Page 9 Item l.2
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Report. No. L056C-IO-25

The first Conflgurstion II TSOV kit was received and assembled,

and a dry i_Anctlonal test was successfully performe_.

A Confi_._ration I TSOV s_nd a Confi_-arat£on II TSGV-PV were sub-

Jetted to radiation en,rircnment at the General Dynamics facility, Fort Worth,

Texas. Nhen the valves have cooled sufficiently, they will be returned t_

LaP where the post-irradiation portion of the test will be conducted.

An initial load_ng test was performed on a TS07 remote disconnect

coupling, establishing that flange l'Ja_Ir_ we-" reimtlvely uniform. A t_rque

of or.ly 50 in.-!b w82 required tz operate the c6upling.

_rblne _wer eontrc l %_ives tested _urir#g the repot! _eri-2_

Incori_rated a sei_arate thrust bearing zo abs:,rb the _hrast transmitted by

the _te to the body bore. Tests using/_ the thmJst bearin_ indicated no bed)"

damage or discrepancy in ftunot!on of _he _i-2-'J.

A p)st irrs/ia_ion test disassembly and inspe:tion p:-oee_lurv_ for

the Confi_-/l_ion i TiA_v" was p_hl!shed, am_i the _c-ept_n_e test requirements

for the turbine power control valve were e__._plete_.

The .-_d'_'atlun effe_'ts plan. for the i_._DV for Radiation Effects

Test (RET) No. 90) was published.

A Confi_-uration I TPC'v" w_ _ub_ected to a radiation envirgnment

at the Genera/ Dynamics facility, Fort Worth, Texas. When the radla,_ion level

has reduced suffi-'.lently t:. _llow m_n.lal handling, it %__'.iIhe returned tc LaP

where the post irradiation portion of the te_t will be conducte@.

. _JRBOPUM?

Fabrication of a D-979 _urbine rot :r to fit a Mk iII TFA was

_)mpleted.

Assembly of_tk iiI TPA, S/N (,2_)_:8, -wa_ completed without a

rotor for mock-up in the H-6 facility-

Szx Mk Ill Mod _ turbopump development tests were conducted in

this report period. Run No. 1.2-GS-NN-P-C, lh was conduate_ using H2.¢ 2 hct-g_s

20 Task i, Page I0 Item 1.2
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drive. Total run duration was _.8_ sec, of which _3.8 sec were at or above

FX pump power and llCC°R turbine Jr let temperature. Run 1.2-08-NNP-O05 used

the same hot gas supply. Run duration was approximately 52 sec, of vhi-.h 27

see were at FX pump power. Turbine inlet temperature was app.-oxlmately

12_O°R. Run 1.2-O8-1_P-006 had a run duration of approximately hO see, of

which 5 sec mrs at FX power. Run 1.2-08-NNP-007 was successfully e(ml_eted

with a duration of approximately 62 sec, of which _2 se_" was at FX pump

power. Run 1.2-08-NNP-OO_ was prematurely shut down s_eter a_oproxtmately 20

see because of a hot-gas leak _ the gas generator. Post-f_re inspection

reveal ed no siSntfieant damage. The turbine inlet temperature for runs 006

throt_h 008 was approximately 11_O°R. Run 1.2-OS-lqNP-O0_ had a total dura-

tion of apprcr_ately 81 sec, of w_dch 60 _ee was at FX pump power. TUrbine

inlet temperature durir_g th, s run was approximately 12_°R.

Design engineering effort was continued on the Mk IV Nod

turbopump and a cor, cep%ual layout drawing was completed. A structural re-

port on the Mk IV thrust balancing piston was issued, and structural analysis

of the wet pump seal disc was completed.

D. BFA_IW_S

A new th_ast bearing desiEn was evaluated at 16,000 rim in the

turbine tester (Test 1.2-0_-H_-019). This bearing performed satisfactorily

with an Armalon thin line c_e for 9.2 minutes at a thrust lead of 2000 lb.

Three ccmhlned flow and dyn_zie tests were run on the electrlc-

motor-driven bearing tester to check out beth the motor and the axial loading

device. The unit was run at full speed and load on one thrust bearing for

5 minutes. Early tests shoved that the seal leak_e rate on the axial loader

was ver_ low, and the motor performed satisfactorily. Post-test examination

of the tester shoved that the carbon s_._t riding seals had worn grooves, due

to an interference fit, in the sleeve on which the seals ride. The ball

bearings were in excellent condition, but the roller bearings shoved some

scuffing of the inner races, probably due to operation in an unloaded con-

dition.

|
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Report No. LO560-!O-25

Static tests on the radial loading device demonstrated the

_'deq _cy of the design in providin6 a gas cushion between the loader pad and

the shaft.

The first Radiation Effect_ Test (RE_) was conducted on 17 July

19_:_ ,_t the General D)_amics Fort Worth reactor facility, utilizing a NERVA

elect Ic-motor-drlven bearing tester with LH2 flew as c_._lant. The motor was

opera ed for a period of 155 seconds, shut-down becoming necessary when the

kill _arameter of -150°F bearing temp_-rature was reached. The temperature

rise was possibly due to insufficient flow of I_.2 through the tester. This

_,__:biem is being investigated.
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Item 1.3 _UCLFAR SUBSY3TE_

Item I._.0 IRT_RATION _D TECHNICAL _E_RT

A. I_X.-A DESIGN _D COMPO_E_ DEVELOPMENT PR(X;RAM I_VIEW

The design review effort initiated durlng the last report period

will be continued. Lnterim docuJentation will be prepared as necessary.

On 29, _0, Lud _1 July 1963, a design review meetin6 was conducted

at WAHL. These areas were covered during this review:

Nkehanieal design
FUel properties

Vibration stability

Therm_l and fluid flow analysis

Mechanical analysis
Work to be accomplished before s_tem tests.

The review of the component test pro6ram continued during this

report period with emphasis on the proposed G-3 plugEed core tests- Alter-

nate lethods of conductin6 plu66ed core tests are presently be_ considered.

Definition of the test plan is expected during the next mo_th.

A component test pro6ram review _as conducted at _RL on 22 and

_3 July. The revised program plan outlined in WANL-TRR-O95 _as discussed in

detail alo_ with the component test priorities.

B. REACTOR REVIEW CO_TTE_

The dynamic analysis of the Kivi-B_A reactor core structure _as

completed. The analysis is reported in RECB Technical Memo Ro. 7_6-IO.
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Item 1.3.1

A.

_po_ ..No.L0_-IO-2_,

NUCL_LR SUBSYS_

REACTOR RE_:HANICAL DESIGN

NRX-A REA_I_OR _?,HANICAL DESIGN

I. Core

a. Stress Analysis

Two stress analysis reports relating the the NRX-A

core were issued during july.

WANL-TWE-:j_5, Stress Anal_'sis of the P_'rol_tic Tie Rod

InsulatinE Tube, shews that the t_e _'ill _ivide into a series of concentric

c.vllnd=rs as it cools fr_ format icn to room temperatures. Tests cor._ucted

at room temperature Lea:ate that this _ividing, or delamir,ation, _oes not

prevent the sleeve from f_nctionin 6 properi)-.

WA_{L-TNE-_3_, Stress Analysis - N_J(-A Fuel Elements,

presents an e_astic stress analysis of the regular fuel elements in the NRX-A

core.

t. Tie Rods

Heat Treatment o£ the first production batch o£ tie

ro_Is has been completed. The _rocessed tie rods shown an even, blue-black

discoloration, believed to te _ue to impurities in heat treat atmosphere.

:4easureJNnts indicate that the heat treatment _ecreases the len&th of the tie

ro_s approximately 0.O_6 inches. Conversely, there is no si_ificant increase

in len_%h d_ring the proof ]0ad tests which are c_ducted at o00 pounds. _e

_Derati_& load is 550 pounds.

Preliminary calculations indicate that tJne tie ro-_

stresses night be considerably hiE_er than originally expected, because of the

re_istrit_tian of load brou_t about by temperature and bundling pressure. The

nominal tie rod stress caused _¥ the l_O-psi core pre.=.sure ,_:_p on a resular

cluster is 52.00G psi. • Under the assumption that the core is bundled as a solid

:ylin_er, and takin6 into account the _eflectian of the aluminum support plate

and that the tie rods at the center of the core are hotter, it is found that

:., .... l, .
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the stresses in the peripheral tie rod can be as hi_ as 75,800 psi. If the

core is eccentric, the additional localized bending will produce s stress above

_.he 80,O00-psi yield specification. A low cycle fatl_ue analysis shows that

the tie rcl can withstand a stress appreciably in ex_ss of 80,000 psi.

c. Liner Tubes

Two prototypes of the spiral-grooved liner tube have

been completed. _ese parts were made by modifying two standard liner tu_es,

foxlin8 the spiral indentatlon with a carbide ball too!. _hls indentation

serves as a tie rod "stand-of_" to prevent a hot spot uhich might occur if the

tie rod shoul_ u_.tact the liner and loca]_l_ block the coolant flow. The two

samples indicate that all the stan_ara liner tubes can be modified to provide

this design improvement.

d. Gap _asurements

_e 6nps between elements of a 9 inch len6th co.-w _ave

been measured on a steel-banded core and on a core held in a simulate_ lateral

support s>stem. The anal>sis indicated that the Kap decreases sliKhtl_ as

bumdlin& force incre_seC.

_, order to neasuR the effects of vibration, the Kaps

on a test section of the core were" measured before the specimen undel_ent vi-

bmtio_ tests. The vibration tests consiste_ of acceleration loads r_'u_

fr_n 1 to 10 E over a frequency which varied from 10 to 1000 eps. After vi-

bration, the _aps were again measured and it was found that they were not affec-

ted significantly. Avera6e _p increase was .0_ elliS. De1_i_ed infor_atlon

on the analysis was released in WASL-T_-_2T, Gap Neasures_nts Between Elements

of a _-I.ch Core.

e. Lateral Support System

The resonant and shock response characteristics o_ the

NI_-A lateral suppor_ systen are discussed in a report issued as WAHL-TNE-_8.

Sum_rized, the _indln_ul of this report are:

• i , i
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The natural frequency of the lateral support

system's 12 ¢ps provides a satisfactory margin

above the 1 so 5 cps expected from the gimbal-

ling sr.d rocket _od.v ben3in& frequencies.

The ns_:_ral frequency of the lateral support system

is different thar. the frequency of its components.

The core ieflection _oes not exceed the shock capa-

bilities for the anticipated 56 - iC millisecond

equivalent rectsr._alar sho_k pulse.

It is not smticipaved that lateral c_cks will

occur in tne ¢gre, hut if they should be induced

hy some ur.likeiy _,.[_icn such as ',_nsymmetrical

pressure ioad_ or shock an_ vibration, the core

sappor_c system has the potential to close these
cr_cKs.

f. Snippinc Poison

The design cf a se_mente_ plate which will retain poison

wires during shipment was complete_, an= irawinds were releasei. The difficul-

ties experlence_ in tryin_ to a_tain _he spez!fied strai6htness an_ coatin 6

_ickness for poison wires have been resolve_.

2. Inner "aflector

W'A_IL-TI_-_I0, Seaiin_ of NRX-A Core Peri_heral Seals b_

._,_ea Lateral Support Pl_u_ers, _nowel fast "here is nc positive assurance

raat all of _he NRX-A core peripheral seals will seat if pressure drops are the

only irlvin& for_e As a res_lt of _ese analyses, a _6° an&le, which will

provide the necessary force to sea_ tY,e seals, has been incorporated on %he

seal contact area an_ the Zateral supp_ piur,_er.

WANI_TI_-_, Unseatin_ of N.WX-A Inner Reflector and Cluster,

analyzes the maximum b_nd/in_ pressure t_at can be exerted on the core, and the

crlclcal c_mblnation of system pressure _r_ps which could cause the inner re-

flector to llft off the nozzle. To ensare aaequate mar_In _6ainst lift-off,

the axial prelo&d sprlne force was increase_ This re_esi_ prevents the nozzle

from llftin_ off _en there are ni_n pressure /fops in the inner reflector

_J
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durln@ transient and 5as [low testinE. It was _enerally concluded that the

inner reflector will not lift off the nozzle.

Slotted seal se6ments will be incorporated in all reactors,

beEinnin_ with NRX-AI. The slots, to be located on the inside diameter of the

late .'_i support seal segments, will control the seal by-pass coolant flow

necessary for pressure balancing and thermal gradient control. This new con-

fi&uratlon includes constant width (0.440-in.) slots, and a staggered pitch

which locates a slot at each filler strip interface around the core periphery'.

A recent analysis of the inner reflector cylinder indicates

that the first mode of bucklinE would be stopped immediately because the clear-

ance betwee the outside diameter and the outer reflector is very small.

Furthermore, since higher bucklin_ modes require hlgher pressure drops than

exist in the NRX-A, the inner reflector will not buckle.

Manufacturin 6 difficulties in the 2219 aluminum barrel may

cause a delay in obtainin6 a barrel. The re-solutionin 6 quench of test pieces

has produced excessive distortion in the free state. Solutions to the problem

in the form of additional sizinE and restrained agin & are being investiEated.

A back-up aluminum barrel of 6061-T6 has been released as a substitute for the

NRX-AI in case the difficulties cannot be resolved.

_. Outer Reflector

Development of electrom-beam weldln_ techniques for the control

drum assemblies is continuln&, and satisfactory welds have been made in test

samples.

Fm6neformins, while in the development staEe, Is bein 6 used

as the back-up _eai_n for el°circa-beam welding. Several samples of ma_neformed

assemblies ha_e been received and tested.

_. .Instr_mntatiun

Tests have been made to determine the adequacy of various

cements for their planned applicati_ in the HRX-A1 reactor. Rational Carbon

No. 1_ has been successfull_ tested in liquid nitrogen. In several testa,

_7 Task i, Pa_e 1_ Item I. _. l
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applied loadings have broken away parent graphite material rather than failing

at the cement, bond.

Additional tests a.na investigations are proceeding on methods

Tests using aluminum foil bonded with epoxy cements have shown satisfactory

results.

Release was made of the adapters and seals which are to be

installed in two actuator drive shaft ports to accommodate instr_Imentation leads

for the NRX-AI cold flow test. Two ,_f the three stationary drive shafts (for

cold-flow test only) will be omitted fr__m the NRX-A1 assembly to facilitate

routing instrument leads to %he test car

_. _n!ppin_ Containers

The shipping demonstration tests cgnaucted from rune 2._ to

July 6 during the round-trip from Large to Las Vegas by railroad, and from

Las Vegas to the MAD building oy trailer Truck, showed acceleration loads as

high as 2 5 dere attenuated by the container by factDrs of 3 to 5. Tne trailer

truck transpurtazion imposea acceleration loads somewhat larger than the rail-

road transports.

.The ,iesi_n requirements were de._ined as reusatle, wooden

snippin_ containers WhiCh will accommodate the shield-flow screen, control

drum drive shafts, _nd miscellaneous instrumentation hardware.

B. REACTO_ SHIELD MECHANICAL DESIGN

De_ail drawincs of t_e N_X-AI aluminum replacement unit have been

released. These irawinss incla_e p, 3v_sions for ÷he necessary instrumentation.

The design of a reusable stainless-sle_l shlppin container for the

NRX-A simulatea shiel.A was _'omplctc_ ,a:_,_:'aw'n, _ were releasc,i. Tbls container

protects the shipmen¢ from noz_lal en',ironmental hazards, and limits the shock

and vibration input to tl.e instrumentatior, on ti*e simulated shield to i0 g in

any direction durin_ normal hanilini and transportation.

L.
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C. EVALUATION AND DE%_LOPMENT OF REACTOR NON-FUEL MATERIALS

Reported under Item 1.9, B

D. MECHANICAL ANALYSIS AND TEST PROGRAM

I. A-I Fuel Element Mechanical Tests

Test A-I-I test data from 16 Westin_house-Cheswick unfueled

elements showed a d_amic modulus of elasticity of 2,600,000 psi at low stress

values (200 psi), in a lateral direction.

Test A-I-2 test data from the same 16 Cheswick unfueled

elements showed a djnamic modulus of elasticity of 2, _OO,O00 psi at low stress

values (200 psi) in lon_itudinal direction.

Test A-l-5 - An average fracture stress for Cheswick elements

was 12,800 psi, while for 083. Ridge elements, an avera%e value of approximately

ll,O00 psi h_s been obtained to date.

Test A-I-8 - unlosded Oak Rid6e fuel elements were tested

with hin_ed-hin_ed ana clamped-hin6ed end conditions. Elements with hln_ed-

hin&ed ena conaltions were -_hle to withstand 15-& acceleration at side clear-

ances up to O.2-in. for over lO0,O00 cycles (approximately one hour). Elements

with clamped-hin6ed end conditions failed in s ranse of lO0 to 2000 cycles

with 14-_ a_celeratlon and O.i inches side clearance. With the same end condi-

tions, elements failed at approximately 700 cycles with 4-5 _ acceleration, and

O.2-in. side clearance.

2. A-_ S_pport Bloc k and Insulatln_ Parts Mechanical Test

_e detailed d_cawln_s of the temperature gradient test ri6

have been completed an.A test specimens have been ordered.

The shear tests of the interlockin_ suppo_ blocks have been

completed.

A-6 Tie Rod Tests

A limited number of test specimens were received.

|, m
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Test A-6-1 - A test of a production tie rode of Inconel X-750

has been completed. Results show approximate values of the proportional limit

of 72,000 psi - 0.2% yield strength of 92,000 psi.

4. A-9 Fuel Cluster Assembly Mechanical Tests

Fabrication, procurement, and assembly of test fixtures have

been completed. Ehe fuel cluster assemblies have been received.

5. B-4 Graphite Barrel Test

Design has been initiated on the testing machine for fatigue

tests on threads in graphite.

6. E-_ Vibration Test of Partial Core

The vibration tests of the simulated Kiwi-B4A lateral support

system have been conc-uded. High-speed moving pictures of the core were taken.

The inner reflector was excited at frequencies from approxi-

mately 5 to 2000 cps. At low levels of excitation (below 5.0 g) no motion was

transmitted to the core due to the low spring rate of the Kiwi-B4A design.

Core motion was observed only when the inner reflector was impacted against it.

At 8 cps and 4.5 g, some separation of the fuel elements was noted•

The Kiwi springs were replaced by the NRX-A1 coil springs in

the lateral support system• The shock machine had been calibrated and high-

speed moving pictures of the lateral support system have been taken.

7. C-2 Support System Tests

Fabrication of the axial load test rig was begun and is ex-

pected to be completed in August.

The hydraulic power supply components were assembled and opera-

tional tests of the system were performed. Flow rates, pressure fluct.,ations,

and fluid temperatures were measured and found to fall within procurement speci-

fications.
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, D-I Reflector Segment Mechanical Tests
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Test D-I-I - Tests were conducted to evaluate surface galling

of t_._ metal combinations, titanium on aluminum with poxylube (baked-on epoxy-

bonded molybdenum disulfide coating) and titanium on beryllium. The first of

these cumbinations provided satisfactory, but the second combination galled

severely.

Test D-I-2 - Thread _allin_ tests were condu-ted on titanium

bolts with titanium nuts, with an_ without surface coatings on the belts;

titanium bolts with silver plate_ Ni-Span-C nuts; and silver plated stainless

steel bolts with beryllium nuts. The titanium nuts were found to gall, but

silver platin5 of the bolts corrected this difficulty. The other coatings,

such as "Tuftride," TDll2_P, and dry film lubricants, were not satisfactory.

Tests arc be in5 continu:d on other material combinations.

Test D-I-_ - All the reflector tie-bolt test fixtures, fittings,

hardware, a_d test equipment have been procured.

Test D-l-4 - The test riK was assembled, and the first re-

flector thermal shock test was conducted with a temperature gradient of apprex-

imately 120°F between the I.D. and the O.D. of the test specimen. No evidence

of damage of the test specimen was observed after the test, _Ithoush tht _ra-

dient imposed in this test is about five times as large as th_ maximum design

_radient calculated. Tests will be continued in order to find the _radient

required to fracture the specimen.

IT
U

G

g

9. D-_ Control Drum Evaluation Tests

Static pressure and axial vibration shakedown t¢_ts of the

environmental test chamber were carried out with a simulated control drum In-

stalled in the chamber. The static pressure test was performed with nitrogen

at a pressure of 650 psia and at 300°F, for a period of eight hours. The vibra-

tion tests were carried uut at I-8 acceleration with frequencies from 20 to 200

cps, while the static pressure test conditions were maintained in the chamber.

No evidence of malfunction or damage of the chamber was observed during the tests.

31 Task i, Pa&e 21 l%em i._.i
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A drawing was completed specif_in& the type and location of

accelerometers, displacement transducers, themocouples, end static pressure

probes for measuring _rum accelerations, displacements and temperatures, support

barrel accelerations and temperatures, and gas temperatures and pressures.

A stu._ was perfo_d to evaluate commercial pulse generators

for use with the electrodynamic shaker for shock testin 6. The study showed

that the exact t .e 200 pulse generator will >rovide the pulse width and

acceleration required for the shcck tests. This equipment, as well as other

associated electronic instrumentation, is being procured.

The test stand which wilt support the electrodynamic shaker

for the lateral vibration tests was completed.

iO. G-1 Reactor Assembl_ Mechanical Tests

All test f'_'xtures have now been received, with the exception

of the b_rrel, for the axial core assembly test.

The con.rol room for the vibration console and instrumentation

has beer. completed. The Ling 30,000 shaker system installation will be com-

pleted by early August.

_.e following two documents relative to core component instru-

mentation were released for publication:

Specification PS 294580 Strain GaKe Installation for

ND 201 Reactor Components

WANL-TME-377 Instrumentation for G-1 Reactor Assembly

Mechanical Tests.

Twenty-seven fuel elements, 12 leaf springs, and 6 tie rods

were instrumented with strain gages and delivered to the assembly area.

Ii. Analytical Studies

A good theoretical simulation was indicated by plotted com-

puter response curves, derived from simple mathematical models _nd the response

curves oLtained during the B-5 pnrtial core test subjected to sinusoidal force

52 Task i, Pa&e 22 Item I. 3.1
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input. Based on this correlation, the G-I core assembly as_lels have been c_-

puted by usin& a variable force input to maintain a constant input dls_laeement,

or acceleration level. The input motion of the inner reflector when subjected

to a sinusoidal force is non-sinusoidal. The anolo& c_xpu_er results indicate

that a maximum acceleration of 6 E may be attained in the core at resonance

without impacting, and that, simi]arly, 5 & input may be attained at the inner

r_ _'lector.

A mathematical model which incorporates rotation and trans-

lation of the core in the laterel core assembly s_ries is bein 8 analyze_. This

model will indicate the de6ree of rockinE, and i:s effect upon the response

mapglit ude.

12. Friction Test

a. Space _vironment

The followjn6 materials have been tested in a simulated

space enviroLuaent test sequence, and test results are heine analyzed:

Materials

HLM- Inconel X

s.s.

KLM-ZTA

AL(2219-TSl)-titanium

Titanium-Ni -Span-C

b. Ground Environment

Number of Tests

1

1

4

2

Preliminary results indicate that static micro (s) and

dynamic micro (d) coefficients of friction decrease at hiEh temperature in a

hydroEen environment for HLM-ZTA, HLM-_04 Stainless Steel, HLM-aluminum

(2219-T31), and increase under the same con&ition for niobium-niobium. The

test equipmen_ is belnE modified to eliminate possible error sources. After

chan_es are complete, the test results will be verified•

5_ Task i, Pa_e 2.5 Item I._.i
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1). Granite Cement Test

Several graphite cement bending tests have been ran, oa cements

P-510, P-_tl, ana P-51_, all manu/actured by Great LoUes Carbo_ Caapany.

stren&_cJ_ decreases with increasin6 curin_ temperatures. All test_ vere con-

d_cted at _ temperature and pressure. Ms_y more tests will be r_n to ver_-_

present res nts.

l_. Stu_ cf Modes of Fracture and i_formatiu_

HLM, ZT&, an. AT: graphite were tes_e_ at atmospheric pres: _r_.

Three specimens in each grade were Cractured. Preliminary _ata indicates ten-

sile stren6th of HLM grade tO be c_nskb_ab1_ greater Umn speciTica_ions listed

by the manu/acturer.

Other specimens will be tested to veri_v the preli_

flndinas.

15. NRX-B Cooled Support Plat_

The installation of strain 6a6es and wirin 6 on +_te plastic

model of the plate was cuapleted. Quality control of the straln-_ge applica-

tion tec.hnique was r_intained by periodic applications of similar _a_es on the

plastic tes_ beams. These were applied with the same techniques used on the

plastic plate to insure truly representative conddtions. Strain-_ measume-

m_nts were made durin& the load tests of the test bee,-s, and c_d with

strains measured with a Tuckerman _a6e. These me_curements aEr_ed within I0_,

providln 6 a high de&r_e o_ confidence in the strain-_age application,s.

" |
I

iT

Assembly of the test fixture has been staz_d, and operational

cheeks of the strain measurin K equipment are presently being conducted.

E°

structure.
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NRX-B F_ACTOR MECHANICAL DESIGN

i. Core Cage Structure

Work is continuing on the layout of the metal internal core

This design acc_odates _T hexagonal modules each containin_ 61

'qqLw_,r.,r.m_,{,..,.-_,.._.._,,_,_.•.(j,. #_._ #J..... . ,,¢_j-
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fuel elements. Prellmir_r_ stress calculations, usin 6 estimate4 mechanical

loads 3nly, Indlca_.e thst the desi&n is feasible. An efTort is beln& made t_

further resolve the problems associated vith the uial control rod -_urlwemecha-

nisms.

2. Col_e Ca_e Structul_ with _ti_e P.-ope].li_A IozT_Les

Layout york has started on • metal internal eor_ structure

usin_ 61 hexa_ml modules each :ontainin& a e.l.u_ter o£ :_? fuel el(meats.

Each cluster o_ _el elements cLtschar_es into • small propellJ_4_ noz_.le. _]_e

61 small nozzles are &es£_aed as an intes_-a_ part of the core ca_e outlet en_

structure and dlscharM i_to a sln_le lar_ nozzle skirt section. _he dlver_ent

portions of the _ small nozzles, toi_ther with the ad_olDinK lar_ skirt

section, are fabri._ated as • sinsle cooled metal structure. 1_e inslde s_aees

of this structure are ir_s'_ated vith a zirccaium oxide co_ti_. _he throat

areas of the _ nozzles are insured vxth pyrolytic _pblte liners. Work

is proceed_n 8 on the fabrication an_ assembly prob_m associated vlth this

arransement.

_. _r_l_ite 14o_tt_ Core Structure

A co_cept,Jal design L_yout hu been completed which de_ines

a core consistin s o_ a number o_ _-aphite mod,u_es supported in pin e_ed fasblca

betueen cooled metal support plates at the inlet and outlet ends. A l_ri_heral

lateral support mechanism is net reo.uire_ in thls desi&n. 2he struct,_Ll in-

tesrity o," the ir.divid___ 19-element mod_..es, actin_ as beams, is relied on

for the stability of' the core a4_inst the forces aris/_n4_ tr_,-: lateral shock and

vlbratioa. The entire core is surrounded by a cooled metal barrel _hich iso-

lates the hot end oi_ the core £rcm the coo_ reflector coolant tlo_.

a ben41n_ analysis has been performed on three module configura-

tions • esi_ned to acccmodate the 19 hole _ivi-B_ type of fuel element. _e

T-elemeut ¢on_i&uratlon appears l_prtctical t_r • core _2 inches lon_. Yhe two

19-element confl_trations appear sore prmaisin4, with mod_e stresses of

approxtamtel_ _00 to 700 psi, dependinK on the detailed _eometry and material

of the module. _e correslx_Lin_ module deflections _ln&e _ C.O_ to 0.II

laches add the natural freamm_ies from 2_ to _ ena.

_ Task _, _ 2_ _ea _.)._



Dr_ln_ ha_e been e_e_e _ _ic_ Jeflne ._a_nl_e mod_e

struc_ test cGslxlents. _hr_e _Lt_£er_t materials hate beem speci_!e_

._or the mod_e case: l_M_B_ t_rml_t_e, lam£rda_e_ _A_phlte cloth (FT series)

mteriaA, _ s e_iaati_ of t_ese rye ,-_:.. .. an HI_-_5 tub_tar co_e wltb

In e.xtelq_IJLv.-_tilp_ o£ the ]_Ma_e_ mm_eri_. It is propo_e_ _o Drcc_r_

samples _f =.If three wL-".et£es " .

ve_4_l_Work Ls ca_t£r,._£r._ _ _ner -" o_ _£ar co.'_ arrar.d_-

me_T_. _41u_is has _eec _l_e_ tc minimiz!n_ "-emu_e ._'-o_aro_: _ne f_ei

_x)sll;iwe se_Ls at bo_ e_ of _e mo_e cases -_ere _e_" C_CX _he _.r._et

_n_ outer end s_por_ BLa_es. _acn _n arrar_e_; v_'_£ hel_ to _Ja_Ze

corrc_lc_ Lu _he event o_ _e_ e_emen; _a_w. !: Ls. _._ever, necesr_u_-

T_M_I; 121e m)(]_]_s be ,_Si_ tO resisT. _.-_'.,_ _..".zer "_'- J,r...i ex:err.l_ _re$_u._

loads. A 19-e_.t _ create=t _" L_.i_ =o_e_er ::el e_em_r.:_ (v-=n

no modm_e case) has --oRsi_e_e met!', i_ toRd_r_ protle_s m=_- ;-':_,*ere_tim_

t_e_ expansion _rociems _a_ _e " ;.

Work has aLsc suu_ea _c a core _es:_ :'ett_rin= •

_l_l_e module s/aLLar L_ cross-sec;lo_ to _n_t cz" _e 7-el_e_ _Ltv£ I_L

tYl_- 7he method o_ su_ort _tf_ers _r_ _at _e= _ the B-i reactor, as •

me_ cooed out_et end s_ppcr*- p_a_e _-s esp_, n_'_a_ the mod_e _ c_m-

pr_sslon rather TJum in ter, sioc. _he mec_i_a_ ru_-_.ess o_ t_ls design Is

attractive as velA as _he po_entlM for ,_ul_ _Cined flov thr_J_h the _uel

elements.

_. Gmpalte Support. Plate S_ructure

l)ravlngs nave been completed definin_ structural test

p_nemts _or the sesmente4 and oae-plece 8ralmite support plate &esi_n_.

Material drawln_ have been released and graphite mterlal is beln_ procured

for the se_mea_ed pls.te. Work is under_m_- to cb_ain a mal£ plastic model o£

the se_mem_ed plate to stu_" the ._It-up between se_men_ and structural charac-

teristics. A manu_aet_rLng proee_ar_ has been su_estea that aLt_ht esse_--

+i_l.l_ _t_ _lm betveen se_ents.

|
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A _Ulp_er pr_qirun I_s _ _rtt_ t_ deflJ_e r.be £_

InSSqles of bo_l_ the sr_11: e_d segmen_e_ trephine su;_or_ ip_tes, the pr_M_m

lni_ eou_-s_s or elesm_ spsc'_, c_r_ diameter, pla_e _,o_t_m c_.m_ure,

minimum r...]Le _ame_er. re_mer C_lPer, e_c. The _tp_ £n=l_es X Md Y coordl-

_tes ot _=p _d boo-.n% hole _.kle, _op _ bo_'_am &_emeters, r_mer lnser-._._

_4-t_, etc.

_. _CerTlov r_x_. e;. Tie T_be Str_ct_re

A _ep_u_1 _eSLol_ _7o_'. has bee_ c_Ble_e_ of • _-l;_ss

suppor_ _be _esL_. $_s118_.;_es ezlz_ _e_ee£ t_ls _kes£_ _d _J_ o1" ".he

IIl_-A, ",.be prLsary _.*Ten_ces be1_ :,, t_e =c.,'e ccr.FIi_,m. _,_-i_ss

suppo_ -._bes axe _sed. £:. ;:ie.-_e cf "..be ]H_..A type tLe ro4.s, ?,c rerou_e

sq_ort-tube c_'_ ,'%_ "_.._'_ _e .-=rt A rat'.o 05 2 sup_r_ tu_es _.o _2

of an e_tl.-w closer. _£s feature _s ac_n_eve_, by _oca_'.r4; _ s_l>_ _,,bes

at ".he @ater perlime_.." cf "_e =l_er s_;_or_ _Zocks mm_er _ in "_e cen_er.

d. Forsed S_r_ ._a_e

A ae_a_lcaZ e:u_lysls of the ae_Ic portions o1" the for@ed

support I_ate has beer. cc_le_, ar_d shovs • mL_/a str_3s due _o _._ cox_

pressure drop cf _es_ _ _ .OO_ psi. A c_a_lve ._at_e sna_ysls vl_ be

conducted _hen both start-_p and de_-_)- hea- _rans:ents are del"lned.

Cc_slderatlo_ is betnS _ve_ _o ".be possible use of • spz_y

coatln_ o1" zlrcon£a (Poklde Z) as a thersal IMu£ator o_ the coole_ supr_r_

l_ate, g_aluatlo_ ot" da_.a _n_Icates ".hat such a co_t£n_ co_Id be eesL1y applled

to the Frame and voc, ld be _pprozlm_tel_ _J; as effective as pyrolytic &ra_at'.e,

for equal thicknesses. Com'_lng thlckness_.: of zircon£a up to ;/'8 Inch appear

feaslhte.

i i:" i"" :
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7. Tmnsitio_ BZoc_s

A correhtl_ has t_e_ made between m_l_sis and test for

r/ae earZy transition bXoek d_sib_.. It vas concluded that it is possible _o

_-=!_ a !9-element _phlte traD_:Itl_ block to meet _A functional require-

me_s v!t_ a hl6b level of relia'©i!ity. Surviv_l a_ the _esi_ load for the

i_¢h Z_A block ks ctlcu_ated to oe i_ the or_r of .999999.

5. latersl S_port

AD&I_S!S has in&icated t.Sat a d_si_ incorporatin_ the

_o_lovln 6 p%raoeters should be :a_ble of =metln_ the _VA _esi_ requirements

wlth • =hOck limit of 5, ra_her _ _ _. for 1 millisecond.

Core wel_c _,000 Ib

Lateral spring rote _37,I_3 ib/in.

l_a_.ialsprin 6 pre!cad 6 psi

Coui_ _mmpls 6 9,_ to I_,i_0 I_

Prok_ems nave d_veloped f_ efforts to &esl_ a Eraphite

we_cd-r_ la_er_l-su_por_ system usim_ axis& spria_s at the inlet end to

tJ_ ved_ pressure. Due %0 the force attenuatio_ resultin_ f_ the

interaction of forces and fri,:%io_ between the we_ed rin_s, a high axial

sprln_ preload is necessary to impart the minimum acceptable bundlin 6 pressure

tC _ cole. Abao_ h,_h pressures are imparted to the core as it starts

_o expand radially. For were an_les between 15 and _5 °, in a system having

_vo redoes in series, the average ra_ial pressures cm the elements range from

60 to l_O psi. _hese pressures increase as the core centinues to expand.

A_dltio_al wed_ rin@s in the two-wedge system series intensif_ the problem

and result in a still Ereater variatlo_ of radial pressure during expansion and

c_trac_ion.

_). Two-Pass l_actor Core

A coflceptual layout of a two-pass reactor configuration with

a laluE type nozzle has been wade. In this desiEn the core is divided into two

concentric circles with the first flow pass occurrin E in the central portion of

_8 Task I, Pa_.e :_ Item 1. _.i
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the core, the flow being introduced from a plenum formed by _he tn_erXor of the

l_U_ nozzle. The flow is then turned and mixe_ with reflector coolant f_ov.

• ae coolant then makes a 180 ° tur_ and receives its flna_ heatln_ as it lmsses

throuah the outer concentric rlr_ of £_el elements, from _he_ce It fl_us _hrou_h

the annular throat of the nozzle with s_t of the supersonic expensicn _aklr_

place externalS. The interior of the l_tU_ nozzle is utilized in this co_l-

_uratioa as a houstug for the core shutdown rods. The ro_ gould be lnser_d

Into the first-pass fuel elements.

I0. _her_al and Fluid Flow _aal_sis

A_ditio_al per£ormance st_ies have beea ma_e of the oper_t'_o_

of counterflo_ t_e tubes a_ reduced po_er levels. The studies were made based

on a design which passes _ of the flow through tie tu_es _hen operatin& at

f.ull-power d_si_ COGnitions. It _s fOU_i t_r. a _ power and propel_t

flow, the fraction of flow through the tie tubes is reduced from _ to 21_ by

the Increase _-n tie tube b_-_o_en temperatures. U_r these temperatuzws, the

inner load bearing tube reaches a maxiau_ temperature of l_O°R an_ the outer

unloaded t_e has a maximum temperature of 2000°R. This latter _mperature

may be consi_red as an operating limit for unloaded tubes of this type. At

a core po_r level of' 20_, it is necessary to use 2_ propellant flow to hold

the outer tie tube tem_r_cure below _,_.._°R and reactor exit gas temperature

is reduced to _;_R.

Flow distribution studies on the forEed base _late have been

completed. Usiu E a total of 13 types 0£ flow tube orificin E (for a tO?_Ll Of

121 flow tubes), it is possible to mai:._ain the mass velocity in each flow tube

to within 2_ of the noainal wLlue, while requiring a total pressure drop of 28

psi across the plate at full propellant flow. A plastic model of a 60 ° sector

of the pla_ is available, and a test fixture for its support is in fabrication.

Temperature distribution studies of the forged plate have

continued. Part power performance studies have been conducted down to 10_ power

and flow. Under these circumstances maximum metal temperature is 1600°R_

approximately _0°F hotter than under full-pover co_ditions. This is deemed

_9 Ta_k _, _a&e 29 Item i._.l



z'_,_lly satisfactory. Studies of the pert power accident ¢onditio_ (lugs of

graphite liner and pyrolytic _raphlte lnshtlon l"ran a flow tube) are nuw under

way. The accldent co_ltlcn at fuLL power has _een exa_ne_, with the assun-

p_io_ ¢f an inner liner of 20 mils o_ spray coated Rokide. Metal telperatures

reach a local Ixl_u_ of 2_gDCR, approxlmtely 70_ ° below the _eltin_ point

•".'or A-2_6. Since the avera6e te_?erat_re throu6h _he _e_/ sectior, Is appre-

_-lahly less _uan the local maxlaum, this performnce is considered satisfactory.

Temperature and pressure-drop studies have been continued on

_be cooled _eT_l core ca_e structure. _he version _escrlbed in the previous

progress report Incorporated _1 fuel elements per module, surrounded these

elements with a corru6a_ed cooled stainless steel stz-_cture, and insulated the

staiv__ess steel fr_ the elee_nts with _£raphtte felt and pyrolytic _raphlte.

_e felt served the dual purposes of an insulator and o_ a graphite sprIng for

ace_tin 6 Internal teJaper_ure expansions o_ _he fuel elenen_. Because

of fears concernln 6 the corrosion resistance o_ the felt, i_ was replaced by

steel sprin_s _ackin_ the corru6a_ions. _e earlier confi_-_uration with the

fel_ was o_erinsulated (this frequently occurs when heat is _enerated within

the lnsulatIn6 -_terlal), and removal of the felt reduced the stainless steel

_emperatures by lO0°R. The new hot*spot stainless steel temperature is 95_°R

at full power. Partial power temperature calculations are under way. Pressure

drop throu6h the core cage system is esti_ted a_ 57 psi In addition to the

reflector and fuel pressure drops in this relationship:

First pass &own control rod _mnnels 9 psi

Flow reversal through bottom support structure 2_ psi

Second pass up throush steel corrusati _ns 15 psi

Third pass down through shield to fuel- 9 psi
inlet plen,m

Steads-state and transient temperature distributions have been

calculated for the webs of the uncoolea &raphite support plate. These will be

used to determine steady-state thermal stresses, and to evaluate the need for

start-up rate limitations which might be Imposed by transient temperatures in

the webs.
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II. llu¢lear DeslKn

PrLmary effort continued on the c_Zed core cm4_e stz-_c_ure

"ncorporatin6 c_r.tr¢1 ro_. Conlroi ro_ were orlgil,_lly sized tOT _h£_ core

throud_h _he use of slapliflei han_ calculation moc_ls, ar,= _ atteIpz was mm_e

to provide suffic£ent control sc that the ccre wo_Id t_ r_ut _n in a floo_eA

cunaltior. {thus ellm:-natir.6 _e need for a ._lsc,. w-:re system). _e origlnal

hand calc_ia_ns were ccnf£rmei unro_n the _se _f four-group trlmspor_-tnetrj"

cell calcul_t£c_s. It was also aeterm£ne_ that _he thickness o_ _ne hafnium

_l_es coul ._be r_c£uce.i fram C._C tc C.125-in. without suhsIMtntial effect on

the control, thereby permlt_in6 a simplified mechanical _rrangement. _e

origlnal concept e_ploye_ cot.trot rods in all available locatiuns. Studies

were m_d_ to ,_etermir,e the effects of _eletln6 ro_s at the perll_ery, ani it

_s found that such aeletions are accompanie_ by a rapi_ loss of control. @ile

final design studies mi_z permi_ a i£mited number of such deletions, it is

rec(_nded that present efforts _ssume a _ull complement c_ control rods if

the objective of floc_e_ shut-'oun is tc be retained.

Since t_e control-rod system incorporates much 6rea_er conZroi

than the conventional drums, _.t was thought _esirahle to raise _e excess

reactivity of the core to provide added mar_in for reactivity uneertainties and

_or reactivity losses resulting from corrosion. Provision of $12 of excess is

estimated to require a fuel load/ng approachin& 600 mg/cc.

F. E-ERGII_E REACT0_ MECHANICAL DESTGN

_ere has been no activity on this pro_ect.

G. KIN_-B6 SUPF0_

Developed methods o£ brazin& an_ flxturlng are being applied in the

fabrication of t_st plates.

Instrumentation _or the 7-hole plate is defined and will be ordered

early in August.

_I Task I, Page 51 Item i._.i
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Report No. L05o0-I0-_

_ter_ly attached Instrumentation consistin_ of therwocouples

for the sandwich structure, 13 thermo=ouples for shroud structure, and 23

pressure protes for sandwich structure w,_ll be suFplied to vendor prior %o

craze operation.

_str,menta_ior. for the 91*hole plate is beln_ studied.

_2 Task l, Page 32 Item 1.3.1
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Item 1,3 ,_KELEA_ SUBSYSTEMS

Iten 1._._ I_CLE_ Sb_SYS_"_ THERMAL AND F_.UIDFLOW DLSIC_

A. CORE CO_._O!_-FI' ANALYSIS

_,alyses have been completed to reslze the tle-rod centering hush-

in_ ori£iees _ue tc a cb_nLe in c_re inlet temperature to 2_°R resulti.,_ from

a .=hange in nozzle exi t. estlmatel temperat.ore. The selected orifice size was

0.C_.5-in.-dia, base_ on a ccre inlet pressare _f 689 psia and outlet pressure

of 5'_ psla, res_l:in_ it. a__ average _ie rod exit temperature of 800°R. The

followln6 perturbations were studied with th. new orifice size:

Insert lou of shim msteri_l in un_'ueled gr_phlte,

Ms_uufacturin_ tolerances or. hyctrogen gaps,

Variatior. ,of pyro-thermal condaetivity,

Variation of inlet loss coefficient and

Variai_on of heating the ,,_nfueled grapnlte.

For the 0.110-in.-dia. tie rods, the tie rod channel exit temperatures for the

entire core were within the limitation of 950 to 650°R.

The core inter-element analytical flow model was modified to in-

clude the radial variation in the interelement gap "dths, the undercut at the

Lottom of the elements, the clearance between support blocks, and the axial

_-ariation in filler sap widths. Thi u model has been used to calculate the

core pressure distribution for the lateral support pressures _iven in WANL-TME-

_68. These pressures are for 16 effective lateral support seals and 8 mils

clearance. In addition, core pressures for 1OO_, with 15 effective seals

havin& 8 mils clearance, have been calculated. Results have been determined for

the case of 50-1b/sec hydrogen flow at ambient conditions with a 15-effective-

seal model, including machined slots in *he seals to provide clearance and the

filler strip tap leakage.

A three-dimensional flow model was _-et up on TOSS to an.,1.yze the

vibrations of the Kiwi-B_ core due to radial inter-cluster flow. Pressure dis-

tributions found from TOSS are beinE used to calculate cluster accelerations and

displacements. For each time step of 0.00} seconds, new inter-cluster 6aps are

_ Task i, Pa_e }_ Item 1.3.2
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calculated and new pressures are found from TOSS. To date five time steps have

been completed and the results are inconclusive.

Pzellminary hydrogen corrosion tests of elements have given pressure

loss data at conC:tlons of temperature and Reynold's numbers comparable to

reactor conditions. MCAP runs were made at the same flow conditions as the

hydrogen corrosion tests, and the calculated pressure flow was compared with

the measured loss. The calculated loss varied from 50 to 150% of the measured

loss, but the average of 29 test runs varied only 2_ from the calculated loss.

There were obvious inconsistencies among the measured loss data.

A hot-channel analysis was completed, including the effect of

radial conduction between channels in an element and present specification

±imits for fuel elezents. The effect of radial conduction was analyzed for tl_e

case in which all hot-channel factors were concentrated in the center channel.

A secona case, in which all hot-charm.el factors were concentrated on a channel

adjacent to the center charnel, was analyzed. Maximum temperatures in the two

cases agreed within 5%-

Resulting hot channel temperatures are listed below, reflecting the

difference in types of analysis -

All Hot-Channel Factors Applied to One Channel as Multipliers

Without radial conduction

between channels

With radial conduction

between channels

- Max. Fuel Temp. 9817°R

- Max. Fuel Temp. 6265°R

Hot-Channel Factors Applied Statistically

Without radial conduction

between channels

With radial conduction

between channels

- 1 channel above 6500°R

- 1 channel above 5725°R
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Report .No. LO_-IOo2_

Element arran_ments for the vibration I core, have been completed.

This listing includes elements for 8 clusters which were to have coated ele-

ments. Coated elements for the vibration I core are not available: and ele-

ment assignments for these 8 clusters are being revised•

Selectio_ has been made of master orifices for use in the produc-

tion acceptance test device for the NFX-A1 col_ flow core production orifice

jets•

Element assignment for the NRX-1 cold-flow cor_ has been initiated.

Computer punch cards which describe element channel diameters have been re-

ceived from Oak Ridge, and the assignment of element_ by serial number to

specific core locations_ as well as the orifice assi_%ment _., is underway.

B. LATERAL SUPPORT THERMAL DF8IGN

Further estimates of hydrogen corrosion of graphite in the seal

region of the NRX-A were made and the results presented in WANL-TME-452. These

estimates for 20-min. full-power operation indicate a maximum of 12-mil corro-

sion between the seals near mid-core and a maximum of C.53-mil at the seal

face in the same _egion. Experimental studies nave been initiated to study

the many factors which affect the corrosion rate and to provide data for veri-

fication of these calculations.

The seals on the NEX-A will be slotted to provide a desired pressure

.distribution and flow. The _-lots will have a width of 0.4hO in. and will pro-

vide a 65.5% open circumference for flow at the filler block-seal interface.

The depth of the slot will be fixed at the latest date which will not adversely

affect the assembly schedule, in order to allow the maximum time for analytical

and experimental investigations.

Modifications to the heat conduction analytical model on the TOSS

code, Vnlch were made to include the radial filler strip gaps at the seal

interfaces, required more effort than first anticipated. Consequently, the

effects of filler-strip gap ema seal gap a_e being investigated for zerc-power

operation with ambient hydrcgen.

_5 Task i, Pa_e _5 Item 1.3.2
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Because of relatively small flow rates passing the inlet core

band, additlonal coolant will be provided from the outer _eflector-al,_inum

barrel annulus.

C. REFLECTOR THErmaL DESIGN

The reflector flow balance has been modified to include the current

reflector inlet conditions of 162°R and 7_0 psia, and the experimental loss

coefficients have been obtained for the beryllium reflector sector flow.

A two-dimensional analog solution was initiated for the tempera-

ture distribution in the nozzle end outer reflector support ring. _he effect

of" heat transfer in the third direction will be studied usin K the _ con-

duction code.

the sizing of radisul pressure relief bolus at the interface between

:he &raphite barrel and the nozzle flange has been initiated. _ese relief

holes have such high impedance that they wi!l not affect leakage at this joint.

The temperature distribution in the graphite barrel as affected by these holes

is still to be determined before the hcle configuration can be established.

An analog solution is complete for the temperature distribution in

the beryllium sector for a reflector _nlet temperature of 126°R. It will be

necessary to update this information to reflect the effect of the currently

prescribed inlet temperature of 162°R.

D. SHIELD THERMAL DESIGN

The latest heat generation rate profiles in the shield replacement

unit, as presented in _:ANL-'I_4E-566, tob_ther with the latest fluid tempe_ture

an_ pressu_'e conditions reflecting &he new 162°F inlet temperature, have been

incorporated into the fluid-flow analysis.

E. THERMAL PERFORMANCE ANALYSIS

The NRX-A2 design-cycle state points were revised compatibly with

the chan6e in nozzle heat-transfer correlations. This change increased the

nozzle exit temperature from 125°R to 1622R and required reorificing the core

to &ire design core-exit conditions.
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The TNT and TBAT_ c:_zputer code models of the NRX-A2 were revised

to include the nozzle and core changes, Both, codes were checked out and are

now operational for design studies.

Calculation has been init£ated of the reactor chamber pressure-

temperature maps and emergency cool-down characteristics for the NI_-A2 final

design report.

F. REA_.OP TESI ANAL-YSIS AND _Lr!_.-Rq_._

A preliminary stuAy for the NRX-AI _seous %ests has been completed

on methods of simulating design c._re ard reflector pressure _rop. The investi-

gated methods i: _.luded a plumed c?r_ an_ _s injection., in %he d_le end of the

pressure vessel. The most feasible _e_hod _f plugging _.e ¢_re would be throug_

the insertion of _raphlte pencils into %he support block holes Rnd gluing

them. Plu_ging of orifices w=uld require a ma_or lisassemhl)- and re-instrumen-

tation, and plug6in& o-" the cgr_ t_. get des_.gn pressure drops would require

that about _5_ of the cha/_.nel b_ plugge_

The more a-.tractive method of obtaining gas runs With .esig_ pres-

sure drops on the NI_Y-A1 is _o injecl addition_l gas at the dome ena of the

reactor in such ms_nner that the fl__ws _hrcugh the core and reflector sect_

differ. The ratio of core pressure drop to .-eflec_or pressure 4top can be

varied over a consideraule range 5)" var)-ing the ratio of nozzle to _l._me en_

flow.

The molybdenum Tie-rgd cgne is bein t investigated wi_h respect to

r_,n profile for the NF_-AI zeld-fiow tests. Its luctile-brit_le trar, sition

temperature is -_C°F, and ,be minimum co,_e zemperature during a cold-flow pro-

fil_ could be -170°F.

Expected pressure ranges have been issue_ for seleeti_, of i_s%ru-

merits for the NI_-M. and ._._X-A2 reactor tests.

G. I_EAT TRANSFEW DATA

A report is in preparation CCmlmtring Levis Research Center experl-

m_ntal tWO-l_aSe flow _._d heat-+ran.sfer data wi_.h calculated v_lues from the

47 Task i, Pa&e )7 Item i. ). 2
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the transient anaZysis thermal (TRATlt) code. Comparisc_ vit_ experimental data

appears _ for approxim=te_y the first half of the test section. _he dLtf-

:'eren_ =ncrea_es a= _ axial st_tio_ increases beyoad two feet. _e ¢ml-

_" ,_c3 pressare loss across the _est secti_ was = averase o£ 175 hiE;her tb_

:._ experimental _ata. _ne :_IfCerences _ze bel£eved attributable to the

_::_::tior. -n the TRA_ ¢a_e of two-p_ase equilibrium of the £1,ald.

_. TRt_S!ERT FLOW AmALYSIS ARD

Flow tests, uhich have been performeA through a belted test sec-

".:on. -n33ca_e no si_ni£ic=t effects on _=he _=id Tlou aria heat transfer. A

.,_er resistance test section, now bein_ Tabrieate_. will be used to verity

==is _e_mvicr at biKher power levels.

Ad-_!tional tests have been perTor=e_ using_ a mmod.iC{e,-,al_mi.-'-_m

.e._t sectiou at flow cc_iti('as micb approximate the conditions vblch will

_._vall in ._le reflector of the engine.

Ansl_icai s%&aies "-.n!tesr.s have been perfone:l to dezermne tae

:_:=nc_ re-sr_:se o=" the %_er_o=f_ples _se_ in the test system, l_su_t_

::..:-ca_ethat _he frequent3" response ran_ed f_ 20 tO 50 cps. In add_tiun,

: .rsc_: e_luations of optical %echniqums to discriminate flow _._b_ti_ _ve

heen perf_rme:-. Pesults indicate feasibilit_, and ad___tional studies are beJazg

ma_-e tD _etermine equipment requirements for a lahorator_ system.
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A. _ NXIEAR EES_ A_D RADIATI_ A_ALTSIS

I. _-A2 f_el Loa_la_

Since the new f_el _tlo_ dlfTers alq_ec_d_l_ tram the

e_rller tentat1_ zcmlng described in _UtIL-_-_5, the BRX-A2 Femrtlwi_y and

power distribution are bei_ re-exsmined. Tuo-dlmenslonml R-0 cs_wLlztlom

have been made with the revised lomdfn_ for both the cold sad operating coadi-

tlo_. C0mplrisom of the cold problem wl_.h • st_lr caloalatloD fo_ Kiwi B-_£,

both with control drums st _0 C, ia_ic_tes that BRX-A_ is ,_0.I_8 more aw_'tlw than

Since _he _%K-A2 .'_actiwity is reduced below l_ewtous estimates,

the margin aWLllable to cover m_cert4Ltn_ in _tiz an_ to_ buildup

has been reduced. S_mald it _owe meees4mry to _wr thi_ _s, the fe_si-

bllit_ of tm wdifi.tions +f the _X-A desi_ is under mideratio_:

a. Introduction of • hl_r lo_dla6- It appears that •

hlsher loedi_, s_ _C M6/cc , could be utilized In pla_ of the _er of

the central l_dtn_ zone oot yet fabricated. _ _1.0 in reactivity eou_

be _ained by this method.

b. Substitution of sliCe-bole un__aeled elements f(w 1;be

shimmble th_r_eenohole elements tn E-A. About _._0 ml_ be _ by this

approach above that obtained by insertin_ _lte shim pencils in the present

thirteen-hol_ deslsn.

2. Axial. Power St._

Because of the difficulty in procuring _dolinl_ - stainless

steel ©lnster plates, the plates for _X-A2 are to be --de of • sll_er-iadim-

cadmiu_ ILI_o_. Con$iste_ o_e-dile_ionl_ trsnspoFt ealcul_tioDs for this _x_po-

sition, for the l-v_ pdol_ in s_Lnles+ steel and .'.or 1-v_ boron 10 in

s_ess steel, -ere prepared.

The centerli_e peaklns, as calculated vlth tw-dt_ensto_al

transport theory, a6rees very well vlth such o_e-dl_enslo=_t predictions.

;9 Z_sk 1, Pa6e _9 Itea 1.5._

• :: ":..:



l

OFf-e_terlAn% an _ of _ ms obsened in R-Z ceAnuAatlms. _e eftect

of str_nlng _ the ooolant boles In _e -,.inster plate m found to be

_ry omlAo

_. _x-a E_er_ents Perfamed _ gtvt-_

The IqX-A fQel mabstitutloo experiments, _ eorb_e shim

exper_ntsp and experiments in shipping potsce trite are un_ergolDg detaAl_ study

_o eonfLru the z_malts ob_ in the lre_ ln_estlSatlon. Cbemlesl

analysis Is beln_ m_e of a somplJng of BBI and [lvi elements used In the Z_O

ex_rim_t. SeWn_LI nu_rical caleuAations were performed to yield accurate

eztenslons of the _ees_ed ZE_ re_%lwlty wLlues to _ c_e WLIUeS.

The eu_]_sls o1" the B(k)C _ experluz_ts l_dlcRted that the

pre _llalna_. r_ults reported for the vet case correspond to abo_ a 50_ flooded

core. An aaa131;£cL1 _ethod of extrapolating these results to a fully

core is being devlsed.

_. )bthods Develoiment

Comp_lsons _ere made cf the lx_er dtstrlb_tl_ e_zlated

_brough-use of the Standard l)eslgn Nethod (SIll(), vlth t_el-element m scan

neesurments --ae £n Los Alams gt_l-_ 2_0. 1_e calculated ed¢e poser p_klng

_s found to agree vlt.b extrapolation of _ scan dat_ to appro_tel_v +5_-

InvesttSation _ms rode of the effect on calculated power distributtom of lncress-

in( the mmber of thermz! groups Fro_ the present]3 used _ _ grip scheme.

Incre_sing the mmber of tberm_ groups from 5 to 12 lncreesed the edge peekAng

by _xlo_tel_ 5_ in cold reectors. The effect of _ gl"oup numbers on

hot reactor pmm_r Is undertow.

Several hot ber_l]tun-re__ grapbtte-m:)deraT_qi UCi_Lhot-

box experiments _ere anal3z_. _e Sill( appeared to edequatel_ _LtCUlate reec-

_lwlty for lov C/U ratio (epproximte_y _0) cores, undez_ttmatt_g lfet f by

_o_.a_ _.

Formxlatton was cc_leted of the model to be used in the calcu-

lation of pover factors for each coolant channel and of the method for detenttntng

_0 Task l, Page _0 It_ l._._
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correction flctors from analysis of PAX power dlstrlbutloa mem_rements. This

teas ed_dled in a dlsIT_tl prograa: vhleh is in its Initial sTAl_es.

A procedure has been 4evelol_d for aeem_e _tlon of

the control wines in one thermal group R _,_ R, Z cal_tlom. _

_Lves _ood _gree_nt on lx_er distribution sad elgenlLlue vben o0ml_re4 to mob-

havla_ explleltl_ represented control planes.

cedure to mltlothermal _ problem ls undergo.

Be

The eztenslon of this pro-

S_J_LD_ AID PA_IATIOK AL_LI_IS

1. _ Radiation Ana3_sts

_he c_lc-_latlon of _ p_s source teas tn the

o_xme_ts, ln_ludl.e_ the flisht type shield and the mck_ shield, was com-

pleted. _hese sources include neutron capture _ ra_s and 8ema reds from In-

elastic scatterlr_o

A _0_ ef_or_ _s e_erted to obtain be_tl_ Fates in the ]l_q_-

k2 asse_bl_. All necessary c_re 8area r_ys, sec_da_ _ r_rs, and netxLron

beating data have been cal_tated. _ heatl_ Fates are bel_ detendned end

reduced to a 2or_ suitable for tbea-aal ana_sis.

A comparison of calculated and _easured r_dintion lewis around

the l_lvl-B reactor _s initiated.

The specifications of impurltles in eleetrol_rtlcal_y and che_l-

refined beryllium are heine revieved to establish _be co_dltions for reuse

of reflectors in the _ test program. The orlsinal study was beard on three ftd.1

pover exposures in _0 days. Since these condltlo=s iV not be reached until late

in the program, it is desired to establish the exposure limit at vhteh each m-

terlal rill not exceed acceptable radiation levels.

A report of the factors vhlch riLL affect the lvll_ht shield

design criteria is being preheated. _Is report will include the Interrela-

_ton of several parameters vhich mast be considered slm_taneous_y to establish

the optima shield system ,eight.
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2. Net/hods Development

_e l(onte Carlo Program 18-O _s used to generate heating rates

in all JIG( colpoaents (e_luding the shield) due to 8area ra_rs born in each compo-

nent. _hese beating rates are being reduced to a form suitable for therwal analy-

sis.

l_ 18-0 was used to calculate heating free core _ ra_s

in the f118ht-type shield. SufYlclent runs vere made to obtain acceptable sta-

tistics. The betting rate data are being reduced to a useable forn.

A _ code vas vritten vhich computes the average ax_Ll and

radlal he_ting rate distribution in a region from Programs l_-O and CURE data.

Another code was vrltt_:n to facilitate the reduction of the Frcgrma 18-O output

data. This code calculates the average energy deposited in each region as vel)

as the statistical fluetuaticn in each region.

Nodiftcations vere made in the neutron balance program in an

effort to obtain a more favorable co_ison with the _T_ code.

C. B_ACTOB CRITICAL TESTS

A prototype control-drum drive vas successf_.l_ conducted through all

functional performnce tests. It va_ then put on life test and campleted 2_00

operational cycles (rotate full out and scraa) before a failure. Subsequent

dtsassembl_ and inspection placed the failure at the shaft - heari_ nut inter-

face. Design review of the failure is expected to eltmtnRte the type of failure

by tolerance adjustment and quality control and lnspec_ion techniques. Vendor

deliveries are not affected by the design resolution.

The £ollovi_ documents _re ccgpleted in draft fora and submitted

te the WA_ Nuclear Safety Comlttee for review:

W__qEF Operations Hanual

WA_EF Ex_erimental Plan for PAX

WA_EF Operattn_ Limits

Other documentation required for facility activation is in preparation and is

expected to be eo_leted in the next report period.

52 Task 1, Page 1,2 Item 1.3._
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D. I_CTOR PhnfSICS A_ _CS

1. I_stcS

The non-separable reactor kinetics progrma is complete. This

progrmm solves the time-dependent m_tigroup dif_asion equations in t_ dimensions

vtth any number of delayed neutron groups. A full report on this progrma w111 be

conpleted in September.

Work is continuing on the preparation of a new cross-section

library.

The revised conditio hal 14onte Carlo progrma is complete end

debugged. Present work on this program is directed toque1 reducing comlmter

time by reprograming some su_-routines in mach£_e language.

2. Mathematics

A spectral analysis of some data taken f_waa the Kiwi B-_ cold-

flow test is complete. Several coEFuter programs have been written to facilitate

the analysis; the most important being an auto- and cross-correlation folloved

by auto- and cross-spectrum ealcu_tion_.

A theoretical model to slmulate vibration of fuel clusters has

been programmed for the TO_ digital computer. This program takes account of

collision of clusters, but, while success_d_ for sm]-_ a_plitude vibrations, it

fails at large amplitudes. A reforanl_tlon of the problem has also been Ik'o-

grained, but is not yet debugged.

n _ L n _ r _ _ _ _ _ ee Oe O _ _ e
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Item 1.3.5 I___ _ FABRICATION AND DEVELOI_RT

A. FABRICATION

I. Raw Materials

5M Dael is being delivered on schedule and with minor

exceptions meets specifitation requirements. A preliminary batch of fuel ele-

ments has been fabricated 8.nd ha_ been processed through leaching. These

elements are beln6 used to determine the processing characteristics of the _4

particles so tha_ pro:ess adjustments can be made if they behave differently

than the NUMEC particle_.

Rezent data re_'eived from Da_ison indicates that considerable

improvement has been made in the quality of th-lr product. It is expected that

Day[son will be pen itted to begin the enriched order in the near future.

2. Prccess

The pro-'e_si_ of _el elements for NRX-A2 and special test

pieces has continued. The enly maOor problem continues to be that of coollng-

passage coatir_, and all efforts are being directed toward the elimination of

this problem.

. Inspection

Improvements in the R-F bridge portion of the eddy current

system have yielded a much better t:_ce with minimal bacl'4_round noise. All

components for the second system have been received, and this system is being

built •

The Stronlium-9¢ microspheres for the "Beta Back Scatter"

equipment have been reteived and are being incorporated into probe _. The

coatin 6 thicknes_ of blocks is being measured with this equipment, and longer

probes for elemen_ usage are belr_ constructed.

h. Equi pmen_

Both dual furnaces are activated and suitable for support-

block coating. The new vapor deposition furnace is installed and undergoing

final checkout• First coating runs should begin the first week in August.

55 Task i, Page _5 Item 1.3.5
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B. FU_ _/.J_T PROCESS D_Ig_T AND C(INTROL

The binder viscosity work which had been planned for this month

has been delayed. This work was intended to determine the feasibility of

increasing the efficiency of the mixing operation by a change in binder vis-

coslty.

Drawings have been completed for a modified extruslon-dle feed-

hole insert. This modification is intended to substitute a hex-shaped feed

hole of a size equal in area to the twelve feed holes presently used. The

intent of the modlfl__atlon is a further reduction in extrusion pattern in the

web sections between the o_ter twelve holes.

The Hang-Firlng experiments in bake have been conducted on en-

riched _e! elements .with satisfactory results. Two enriched elements of

485 rag/co loading were processed together. One was baked in the normal

mLnner and one Hang-Fired. The results indicate a maxim_ bow of O.O_2-1n.

at 37-in. for the standard element, and 0.Ol3-in. at 51-in. for the one

which was suspended. The longitudinal shrinkage for these elements was 1.98_

for the standard element and 1.96_ for the suspended element. The across-

flats measurements for both elements were between 0.7882 and 0.7899.

A bake run of 90 ea. 13-hole elements was made with all of the

elements suspended. These have not been graphitized, however, and no data

is available.

All of the above pieces were suspended within the normal bake

fixture. A fixture has been fabricated which will permit the elements to

hang free.

One enriched fuel _lement (No. 7057 - h58 mg/cc ) w-s extruded

with tooling intended to yield holes of finished diameter in the "as graphi-

tlzed" condition. Measurements indicated the spread of hole diameter, As-

Graphitized, was 0.0979 to 0.(_)91.

The element was given a simulated coating cycle, sectioned into

2 inch pieces, and each piece checked for hole diameters.

... Task I, _e _6 ._:_., Item 1.3.5
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Tooling to permit sizi._ of both holes and hex shape is scheduled

to be delivered early in August.

Shipment will be made during the first week of August of the

remainder of the special parti=les produced by 3M and Davison which contain

a range of substrata carbon levels and coating densities. These particles are

to be used for evaluation of the independent effects of substrate carbon and

coating density (and deposition temperature) on uranium migration.

The techniques for measuring particle coating density have been

re-examined in view of discrepancies encountered when measuring the density

of crushed pyrographite of known density when using water, mercury, and

kerosene in the pycnometer. It now appears that the best results can be ob-

tained by using conventional pycnometer techniques with water. Fuel particle

specifications will be altered to reflect this change.

C. REACTOR CC_MPONE_T FLOW AND CORROSION PROPERTIES

I. A 2 - Sir_le Element Corrosion and Flow Tests

A total of 17 elements were tested during this report period

(Nos. 5_ to 70), including 2 each, coated and enriched fuel in graphite; 7 each,

coated ano natural fuel in graphite; and 8 each, coated and graphite only.

Five of these survived five minutes or longer. The surviving elements all

tend to show a corrosion rate of approximately one gram per minute of operation

at an element maximum surface temperature of _500 to _900°R.

The use of a newly designed chuck, with ample clear_nce for

expansion and flexible power leads, has eliminated chuck arcing problems in

the test series for elements 5 through 70. Modifications were also made in

the helium storage bank to permit more tests, of longer duration runs during

each day.

2. A _ - Support Block Flow Tests

Furnace chucks for mounting the bottom-support blocks in

the high temperature furnace completed during June were recalled f_-om the

fabricator, anl are being modified to reflect the successful experience

recently gained during A-2 tests.

57 Task i, Page 47 Item 1.3.5
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3. A 8 - Fuel Element Orifice Flow Tests

Production type fuel element orlflces of all twelve sizes

have been examined. Flow experiments were conducted and master orifices for

the cold-flow test have been selected for nine sizes. From the data collected

a partial curve has been established showing loss coefficient as a function

The coefficients are slightly higher than those obtainedorifice diameter.

by LASL.

4. A i0 - Fuel Cluster High Temperature Test

Final design drawings are complete for the furnace, heat

exchanger, and filter. Bids have been requested for the heat exchanger; the

furnace and filter are ready for bid when the specifications are completed.

Preliminary layout drawings of the helium and hydrogcn systems are complete.

The elbow transition (from the furnace to the heat exchanger) is in final

design stage.

Long-lead items such as instruments and stainless steel

fittings have been ordered. Approximately 55% of the test components have been

requisitioned.

Investigation of a cluster electrical insulator medium be-

tween the center element and its surrounding elements has been initiated.

5. All - Flow Induced Vibration Test

The construction of the hydrogen test facility was completed.

The supplier for _he fabrication and erection of the piping system was

selected em.d the erection of the piping, pipe hangers, and supports was started.

The nitrogen supplier has started construction and erection

of foundations and tanks for GN 2 and LN 2.

A specification for the gaseous hydrogen supply contract was

written, bids were solicited, and an award made for the gaseous hydrogen supply

contract. This contract includes provision for the leasing of two hydrogen

storage trailers for two months until the GH 2 storage sphere is completed.
_7
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Installation of the instrumentation has started in the re-

cently completed control room.

6. B 3 - Lateral Support and Seal Tests

A series of tests has been conducted to determine the

influence of the size of the gap between filler strips on the flow past a

lateral support segment. These tests were conducted using air at low pres-

sure in a small plastic test rig with a single seal segment. The data are

being analyzed. Theze tests conclude the tests planned for this rig.

The high-pressure single-seal test rig has been fabricated

and is being installed in hydrogen Test Cell No. 1.

The design for the high pressure flat multiple seal test

lig has been completed and is being detailed. Fabrication has been started

using the layout. Bid request_ for a pressure vessel for this test rig have

been issued.

The design of a high pressure single seal test rig with

heated graphite is 90% completed.

7. C i - Impedance Rings

Air tests are continuing on a model of the impedance rings

for the inner reflector - outer reflector annulus. Impedance rings having

various flow areas have been received, and the flow-pressure drop characteris-

tics are being established.

Const_ction is continuing on a model of a l_rger section of

the impedance ring for the inner reflector-outer reflector annulus.

Construction is _ntinulng on the model to measure the loss

coefficient for the impedance ring in the outer-reflector pressure vessel

annulus.

8.

ments on the model of the beryllium reflector assembly is 95% complete.

D 2 - Beryllium Reflector Assembly Flow Tests

Installation of the facilities to conduct hydrogen experi-

Test
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procedures and check-off lists have been completed. A computer program for

data reduction is being written.

9. D _ - Flow Tests of Control DrumS haft and Orifices

WANL-TME-403, describing preliminary experiments on a model

of the control drum drive shaft, has been completed.

Tests are being contlnued on the m_del which reflects the

redesigned parts. Calibration tests have been completed on a drive shaft hav-

ing discharge holes 0.200-in.-dia. The remaining three drive shafts and fi_e

nozzle end bearing shafts, with various sizes of flow holes, are being

calibrated.

Procurement of the parts for the scale model of the control

drum, to determine the loss coefficients, is continuing.

I0. G 2 - Flow Distribution Scale Model

Three designs of a scaled model are being analyzed con-

cernlng possible ranges of operation with various fluid mediums (water, gases,

low viscosity liquids).

ii. G _ - Plugged Core Flow Tests

The design sad specifications for the high pressure test

vessel were completed. The drawing and specifications were sent out to eight

fabricators for bids, and bids are to be received in early August 196).

The test cell floor at WANHEFwas modified by installing a

ia_er foundation pad to accommodate the G-) Test Unit.

A tentative pressure instrumentation scheme was developed

which included the number of pressures required in the _ore and in the lateral

support seal system of the test reactor•

Provisions are being made in the design of the instrumenta-

tion system at WANHEF so that the G-3 test requirements can be met without

major modifications.
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D. EY_I_ AND DEF_0PMBT OF REACTOR _ MAT]_JLL

1. Fuel Element Evaluation

a. lqtrsic,tl Properties

(i) There1 Ex_nsion

Thermal expansion n_asurenents on nlobtuR ear-

bide, tantalum carbide, fUeled graphite, and Kraphite cloth were made in the

high-temperature dilat_eter. The pare_trie study of graphite sh_nk_e as

a function of time and temperature has been initiated. The cryogenic raz_e

dilat_aeter was calibrated and prelimin,ry runs are being made.

(2) Thermal Conductivity

The ro_ temperature ther_l conductivity unit was

completed and calibration studies are in progress. All ec_x_nents of the high-

temperature thermal conductivity device have been received and final assembly

is in progress.

b. Mechanical Properties

A series of room temperature tensile tests on specimens

cut from beaded fueled grsi_hite (180 _ u/ee) was performed. The results were

e_rable to tests performed previously on unfUeled graphite specimens cut

from the 19-hole geometry (i.e., wide scatter in the data, with aversge transverse

tensile strengths of 2000 to 2100 psi, and averaKe lougitt_dinal tensile st_s

of _00 to 3500 psi ).

Ro_m-temperature compression tests were _de on a

series of full cross-section specimens of fueled graphite covering the loading

range from 0 to _ mg u/co. The data do not indicate any efTe=t which could

be attributed to l_din6.

The first high temperature eumpression tests on fUeled

graphite were also accomplished during the report period. Two specimens,

loaded to _0 mg u/ce, were tested at 2500°C at stral_ rates of 0.02 and 0.2

in./mln, respectively. Although both specimens exhibited approximately the

61 Task i, Page 51 Item i.3- 5
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same compressive strength (10,000 to 11,000 psi), the specimen tested at the

slower strain rate showed approximately _ ,plastic deformation, as compared

with about 6_ for the saaple strained at the faster rate. These studies will

be continued with po_rticular emphasis on the plutic deformation and creep-

rate characteristics of the f_el saterial.

The second half of the q_ality-control elements for

the Vibration I core were fete!veal fr_a Oak Ridge. The eleDents have been

sec_.ioned and are being tested in flemare.

A number of Vibration I elements vhich were rejected

_y rad£ography were selected for eddy current testing to correlate radlo6raphy

and eddy current testing. These correlation studies are to be followed by

_exure testing in an attemp_ to establish improved standards for eddy-current

test_ of 5_el elements. ._el elements ba_or_ representative transverse and

longitudinal cracks, inclusions, and excessive porosity were selected for the

study.

c. Hydr_en .'orrosion Studies

Exhaustive studies of elements previo_ly tested were

undertaken in an attempt to define the adequacy of the present test conditions

and to improve the evaluation procedures bei_ used.

Careful metallographic and mc.-Tury poro_imetry studies

of an element (S/N _O50 exposed to 2 5-ain hydrogen corrosion tests at 5550°F)

along its length, and correlation of these results with the temperature proTlle

prevalent during the tests revealed a corrosion region (undercutting and pore

enlargelent) corresponding to temperatures of 1500 to 17DO°_ above 1700°C there

ms a decrease in corrosion for about 100 to 150°C followed by a second region

of high corrosion at the h£_h-temperature end of the element. The extensive

corrosion at 1500 to 1700°C has been attributed to local attack near cracks _n

the niobim- carbide coating which would not be expected to close-up until the

coating temperature was attained (i.e., at about 1900°C). This result points

out that a 2_75°C test may not necessarily be the most severe test of fUel-

element performance, and reveals the necessity of carrying out studies over a

range of te_rperatur_ and time_ conditions.
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These studies also sh_e_ tkat corrosion in the lou-

te_erature rq_lon is ChL_a_terized by local uadereuttl_ belay a crack,

vhereas at hlgber temperatures, the undercuttl_ i8 more genenkl in appeazance.

Corrosion at 1500 to ITO0°C and abowe l_°C exhibited similar pore enlarge-

meat characteristics.

Conslderltlon is bei_ glven to the de_elolment of

electrical resisti_ty and _ks permeability tests to eval, mte the extent of

h_rc_en corrosion alon_ the le_ of • fUel element. Both. of the methods

under consideration will reweal the extent of carbon loss frm small sections

of the fUel element.

. Mea:tor Shut-Down Corrosion Studies

The reaction of' niobium carbide slugs vhieh were

treated with dry nltrc_en at _O0°C vith a fl_ rate of one liter per minute

shoved

Weight Gain

mic nm/ 2
After

Time in hr

8.l 7.& _ at
52-9 _ hr at _00°c

_O_.8 53 hr at _)°C

This gain in veight vas roach greater than for slq_s treated vlth nitrogen at

_O°C:

16.5 20 _r at _ooC

These results are different than those obtained on niobium carbide povder

vhich shoved little difference in behavior at _O and _00°C reaction treat-

meats. Fr_ studies of the type described _bowe, and observations of the

physical behavior o_ the w_rimxs forms of niobium carbide durlr_ exposure to

nttr_en_ the follo_ tentative conclusions are offered.

(1) Hot-pressed niobium carbide sl_s and vapor

deposited niobium carbide form a blue surface co_ti_ after about seven hours

F
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Report No. L0_O-I0-25

at both 550 and 700°C. These surface coatings then chan6e to gray a._ finally

to white as exposure times are extended. After about 50 hours, the coatlng

appears to exfolILte, and tee reaction proceeds at a relatively high and

constant rate. liobium carbide powder seems to follow a similar reaction

pattern initially, but apparently the ._eaction products are more adherent

and the re_tion slows down even at T00°C.

(2) The color sequence produced on the coating sur-

face as the reaction proceeds suggests (although it has not been conf_rmed)

that oxygen may be the principal reacting gas, even though it is present in

relatively small amounts (approximately LK)O ppm) in dry nitrogen.

(_) The results indicate that 700°C is too high

a temperature for nitrogen cooling following a hot test. Further study is

required before a conclusion can be reached _egardin6 the use of rdtro6en

at 550°C.

e. Hydrolysis Studies

Heat treatment of" _ and numec particles at tempera-

tures of 2_00 and 2600°C for 1/2 hour results in rapid weight increases during

hydrolysis at 100°F at 100_ relative humidity. Heat treatment at 18OO and

L>2OO°C for the same time results in weight losses during subsequent hydrolysis.

The weight cha_es observed do not stabilize in one week of the hyJrolysis.

The hydrolysis tests are continu!r_ for longer exposure to the moist air.

f. Fuel Element Thermal Stre_s Experiments

A probing experiment to define conditions for thermal

stress testing of gralW_tte matrix fUel elements has been eolpleted. The test

involved a self-resistance heated segment of unt_eled B-_ element, 5-in.-long,

with a gralWhite sheath br_ehed to accept the element as a circmnferential

container. The sheath was fltr_her broached with an axial channel allowing the

flow o_ a coolant gas stream along one full face of the element. Temperature

measurements were merle through small holes in the heat shields and sheath with

a micro-focusing optical pyrometer. A smaller hole was drilled to the center

of the element to fUrnish temperature reference from the specimen interior.
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TeBperatures to 2200°C were readily obtained in the

specinen interior. Future experiments will be carried out up to 2600°C.

Heli_a was utilized as the coolant, with the heat capacity of its mass flou

referenced to equivalent hydroKen flows. Experiments nov in progress are

expected to giwe rise to center-to-surface temperature differences of 200 to

600°C.

2. Basic Fuel Naterial Studies

a. X-ray Studies

The study of the ordering and graphitization of the

pyrocarbon co.tings removed from numec fuel parttcle_ has continued at

tenperatures of 1800, 2200, and 2_YJ°C, and at tlmes of 1-1/2 add _ hours.

The effect of the uranium carbide present during the heat treatment upon the

transformation of described pyroca_oon to an ordered structure is marked.

It has been observed that the breadth of the (002) line fr_ the pyrocarbon

coating first decreased, and later increased, with increasi_ heat treatment

time at 2_O0°C.

The feasibility of measuring the preferred orientation

(P.O.) of the graphite matrix in the extruded fuel was demonstrated usi_ an

hexagonai section of a pre-productton element. The P.O. increases considerably

from the center of the element to the externel flat surfaces.

b. H_h-Te_perature Behavior of Fuel Elements

A program has been initiated to determine the _.ect

of beat treatment on the leachir_ loss of uranium fr_ pyrocarbon coat_" i_el

particles at l_)C in h_ro_en chloride gas. Particles fr_ _, with an_

vith_t heat treataent, will be leached, and the leacbtr_ loss determined by

measuri_ both the uranium chloride In the hydrogen chloride effluent Kas, and

the uranlu_ remaining in the particles after leachl_.

Full hexaKonal eras-sections (about 1_ mils thick) of

pre-produetlon elements are nov betn_ examined by radloKraphy. Individual

particles an_ the particle distribution within the transverse section are

6_ Task 1, Page _ Item 1.)._
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visible. An attempt to measure the uranium distribution is being made by

means of an X-ray densitometer.

The electron mlcro-probe analysis for uranium dis-

trlbutlon in _ coated fuel particles has continued. A comparison of

metallographlc ptcture_ with the electron microprobe results has shown that

The migration zone observed metallographically
corresponds to a plateau in uranivm concentra-
tion of appr__ximately 7 v/o.

There are large uranium losses from sectioned
fuel particle surfaces during heat treatment
at _X)°C for 1/2 hour.

F_eetron microscopic examination of _4 and numee

coated fuel particles has been initiated.

3- Fuel Element Eevelo_ent

a. Coated Particle Develolx_ent

Sufficient information has been obtained from the room

temperature fluidizatlon tests in ._glass apparatus to permit design of a high-

temperature graphite-fluldized bed system. Design of the system for deposition

of refractory metals from halide vapors on uncoated fluidized uranium carbide

particles has been started. It is planned to use a l-in.-_ia graphite tube,

in which approximately 50 gm of uranium carbide particles (approx. iOO microns

diameter) can be fluidized over a 4-in. tube length with helium Row rates of

6 to 12 cu ft/hr.

b. Fuel Element Coating Development

Design has been completed of a chemical vapor deposition

system for niobium carbide coating of sections of fUel elements. About half

the eoe_Donents are assembled and ord_.rs have been placed for the remaining com-

ponents. Limited quantities of all raw materials necessary for niobium carbide

deposition are now on hand.

I
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Followir_g assembly and checkout of the system, it is

planned first to perform a parm_etric study of the effect of fuel-element

temperature on niobium-c&x'bide formati.-n.

A p_r_llel effort of longer range utility is beil_

undertaken, wherein the possible use of niobium metal-or_am_lc compo_a_ds to

form vapor del>_sited z.__atir_-_will be investigated. The use of metal-organics

holds promi._e tha_ tne present urani,Am leac.hin_ problem m_y be allowable with

meta/-Ol_anles, thus per_ittlr_ _ gre_ter measure of control over the integrity

of the eoat ir4_ in the ._riti.:al ._e between 16C.: az,d 18C_:@C,,

-. _inde*. Deve!cpment

._reli_nar_v :.0serv_tiens of the D_ analysis of coke

samples made wi:h m..-,n.,mer-free Var.'.'_In 5251 in ])iox_ne snowed Iow-cu_,ing

exotherms, end unusually pete-free bc._ies. Studies of the extrusion behavior

of s_all batche& _f material c;ntaini[_ lhe monomer free %'arc'am have been

init iated.

L. i rr_:ia_i :.:-Ex_eri_ent_

a. ".herbal .=,re_-__"_xperim_-nts in _rea_

Th._ iLitla! thermai stress exp_.rimen_s carrled crlt in

TREAT were rel>_rted last m'[th. The fcilc_Ing metailographic examlnatiom of

sample UKN-i4_ re,_e_le_ s )me mi-:r.':ra._kln_ in the graphite m_trlx, it is

considered signifles.n +. _hat micr ....an_ mac._.-crackir_ cf beaded fuel samples

c__curs- in _he tem_-_rat_re rax_e between 238i ar,d 2y,,_cC with teml_erat_re dif-

ferences of the order _f l_C to 2_:.'e.'..

Work continued in prelm&ratlcn for _he exper_ments on

6-inch l'_.ng s_¢_.i z_s of .N_'A fuel. Equipment _eslgn concepts were reviewed

and a_proved by Arg..-nne Naticnal Laboratory (T_FAT) pe_rsor_nel. The shielding

cask design wa_ reviewed a_,d appl_>ve_ by the Fm_reau of Explosives, Interstate

Commerce C.:_mmlss/on.
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b. G_R Fuel Material Irradiation Experiments

The planned irradiation of a series of six capsules,

designated the WAWL-TT series, has been delayed from GI_rR Cycle _ to Cycle _7.

All steel and graphite parts for the series of capsules have been machined,

and capsule assembly will begin shortly.

An insertion mock-up was _smnbled to test possibility

of the insertion of the capsule design through the bends of the Trail Cable

Fnellity. The insertion test is planned for the re-_eltng shutdown during

Cycle _, on or about August 2.

An addendum to the original Safeguards Analysis Report

is bei_ prepared which will request approval for irradiation of fuel contain-

l_ 600 to 650 mg U/co in one of the capsules.

c. High Temperature In-Pile Loop

The availability of In-pile facilities for studying

NERVA fuel beh_vlor in a dynamic environment was explored with Phillips

Petrole_R Personnel.

!

i

i
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Item 1.5 6 DEI_LOP_NT a FABR!CATIONf PROCI__ MANUFACTURING

A. DE_._LOPM2NT.. FAbL ACATT_ON, AND PROC_

Procurement effort continued for all reactor component testing.

This included procurement modifications consistent with design revisions and

new procurement of aesi_D releases to meet test program schedule objectives.

1 Shield

Simulated shield machining for _IRX-AI was modified to include

instrumentation machining Marhining of the N.R_-A2 sim,alated shield is in

process All misceli_neous shield items have bee9 released for fabrication.

2. __r_e r _eflect or

_-he inner reflector cylinder, lateral support seal segments,

lateral suppor*_ seal springs, sand later_l support seal brackets for initial

vibration core T.es_in& were delivered

5 _._ter Reflect or

Delivery of outer reflector cc.mponenTs for the Phase I vi-

bration te_" "[__essentially completed.

The split tubes, control drum cylinders, and miscellaneous

items of hardware ha•,e been delivered for N__X-A1 a_nd NRX-A2 outer reflectors.

_. C_re

All unloaded core elements for N_X-A1, inclading elements

modified for instramentation were received fr.,_m "_C,, V-l_. The vendor began

extrusion of elemen_.s for the pluKged channel core. 09 the loaded elements for

N_-A2, 80_ are now in process

Astrcfuel facility produced qualifyin_ co_ting of sample support

blocks All irregular suppor*_ blocks f_r Phase I vibration test reactor were

received Par+ial deli-,ery was made for N .W_-Al. Lncreased effort was directed

towards development of a second coatin_ source

_9 Task l, P_e 59 Item I._.6
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Report ,No. L0560-IO-2_

Silver - indium - cadmium NRX-AE cluster plate material was re-

ceived and the machining order was placed. Gadolinium strip material for

sample cluster plates was received and found acceptable. An order was placed

for machining these plates.

T_o-thirds of the jet orifices for NRX-A1 were received. Initial

delivery of ti%ht tolerance orifices for NRX-A2 was received.

Sample liner tubes of the spiral groove design were produced from

delivered straight tubes and passed initial inspection.

B. MANUFACTURING ENGINEERING AND SERVICES

i. Poison Rods

Development of braze closure of tube for retention of boron

carbide is continuin 6. An alternate meth0a of closure is under study for

future use.

Polyethylene coating of rods has been established by use of

shrink tubing. _%is operation is proceeding.

2. Tie Rods

Manufacture of specification grade tie rods is proceeding.

172 completed rods have been received, 58 rods are at heat treat, and 60 additional

rods are read_ for heat treat. Forty more will be ready for heat treat early

in Au6ust.

The first rods received from heat treat showed some slight

oxidation. Corrective action has been initiated with the supplier.

9- Orifices

Quantities of each size of orifices are available. Flow check

by quality control is proceeding in line with assembly requirements.

Master orifices for each sizc l,ave been selected.

Plastic caps for identification use are available.
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h Fabrication of 221_ AI Material for A_plication on Core Barrel

sr.d Dome End Seal

Necessary processing procedures for dome end seal are estab-

For the 54-inch high barrel, considerable dis_ortioo was occasioned

_uring cold-water quench .These corrective methods are being developed: use

cf fog cr hot water q_ench, increasing of sizing up to 2.O_, and restrainment

cf aging

5- Control Drum - 6061T6 Aluminum

Electron beam weldlng technique is being developed. Sc_e

adjustment_ will be needed after iutroductlon of heat-sink effect of both fix-

_ure and control drum assembly

6 Flow Screen _abrication

More definitive standards are being set up for sintering. A

problem of excess braze alloy fluidity around _he outer most 2 inche_ of _he

periphery was encountered on the production piece. The corrective actlau planned

is use of stop off and reduced amounts of alloy in this area. Fcr the future

it may be necessary to develop a braze alloy with broader latitude in respect

to manufacturing parameter.

7, Fabrication of Nickel Allo_s for Application on Nozzle End

Seal and Sprirg

Correction factors and fabrication methods are still under

de_,elopment to _ompensate for dimensional changes of inconel 718 during aging.

Resistance and T[G welding techniques have been determined for the Inconel 718

nozzle seal &nd Inconel-X seal spring:

C REACTO_ ASSEMBLY, PACKAGLNG AND SHIPPING

Orificing and clustering for Fhase I vibration reactor has been com-

pleted and all clus'ers bare been assembled into the co_e.

A mockup inner reflector, outer reflector, and core are being as-

scs_bled f_: familiarization ann tool try-out for NRX-A1. NRX-AI instrumentation

mockup work is being conducted on a second mockup inner reflector.

71 Task i, Page 61 Item I._.6
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_he round trlp _es_ run by railroad _o NI_S of a reactor shipping

container vith a dungy load vas completed. _e container (inner and o_ter):

load_ and raLlroad cars were lnstru=ented throughout the test rum.

Preparations are bein E made to start the assembly of NI_-_.I.

,...:. :
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.NUCLEARSUBASS_4BL¥

DEVELO_ TEST PLANNING AND OPERATION

There was no activity on this project.
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Item I._.8 DEYELOPM_T TEST PLAHNING AND AHALYSIS

A. G_IERAL

WAHL has be_n authorized to issue Revls'.on 1 of the WRX-A1 Test

Plan, subject to the removal of the preliminary Test Plan Section, I_-A2

through RRX-A_, from this document.

A tentative poeer run profile for the NRX-A2 test was t_nsmitted

to REGN.

Work continues on the preparation of the NRX-A1 Test Specification

and the RlqX-A2 Test Plan.

Meetings were held at I_ to discuss hot cell facility requirements

for post-operational ex_Ltnation of the NRX-A2 reactor _cmponents. The dis-

cusslons included the availability of necessary facilities at HRDS to perform

_hese examinations.

B. NF_S, T_T OPERATIONS

On-the-lob training of both tec.hnicians and engineering personnel

c ont i nued.

Checkout of Test Cell "A" facility for NRX-A1 cold flow was started.

An incomplete preliminary checkout of miring chamber of Test Cell "A" was

conducted.

A des_n package for modif_cations to the movable shed at Test Cell

"A" was iSSUed.

Data equipment was requisitioned thcough AGC and SRPO-N.

A preliminary design for the modification of Test Cell "A" Neutronics

System was forwarded to LASL for approval.

Personnel buildup has continued as plsnned.

!:
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C.

continued.

WJCLFAR SLrBSYST_4ASSD_LY a DISASS,]_,¥; _aD POST-

On-the-job training of both technicians and eng£neer_.n_ personnel

Test car assembly work has been started.

Effor_ has been spent writing proce3ures for re_ctoressemb!y,

sad for te_t ear assemtly, dlsa_sembly, and post operative inspectlon.
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Item i._.9 PRO_E_F ME I_O - _ _ _

A. M_I_,S AID MOCEIn_

Both the instrumentation and assembly mocknps for the UI_-AI are

nov being assembled. These noclmps reflect the latest design conslde_tlons.

Full-scale mockulm of the inner reflector and core support plate,

simalated transducers, and the core support rl_ were completed for the instru-

mentation mockup. In addttloo, graphite blocks have also bee_ completed for

use in simulation of the inner reflector cylinders during evaluation of

instruaentatlon cement. Instrumentation stalk assembly braze plugs and fix-

ture cylinders ha_e been completed. These will be used for pressure testl_

the seal assembly.

S. RF_CTOR ARALYSIS FOR NO_-_ _ S_T_4 (SINJLATORS)

There has been no activity cn this project.
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The cryogenic pressure vessel seal testing feasibility study i- con-

Tee ba_te method of leak detection and measure_nt will be s_iar to

the _bient sea/ tests which will utilize a bleed hole to collect leakage f_ a

seal gland on e_eh flan_e end of the pressure vessel. Liquid nitrosen is the

tentative te_t flu'_d, _ud te_ts at -_20°F are planned for December 196_ at the

LaP Cryogenics Laboratory.

The ambient seal tests, which were to be performed during this report

period, were postponed due to fabrication delays on the Structural Nozzle S/N

0000003. Tentative pla_ call for completion of the ambien% seal tests during

the monr_h of 'August.

Special clamps were designed and put into fabrication to retain the

forward De%a3_lic seal in the _res_u-_e vessel cylinder during assembZ_ operations.

__he te_t speclflca'.-on._ _ere _odlfle_ to col_ecx leakage of helium from holes

drilled %_rou8_ the _res_:,_re ves=_e! cylinder flanges In%o the metr__li¢ seal

grooves.

L___ic analyses In support of the _ dyna_c test _rogram are con-

tinuing.

Five ,_e_ of _eta/lic seal_ have been recei_" at LRP and another

seven sets are beiug lead-piaged at the vendor.

Fabrieatio= of the _as_ core si_lator is continuing.

B. ,NOZE,E5 A_;_ ";DZZI_ _I0_S

1. Heated - Bleed _gozzles

a. KERVA _ozzie S/N 0011i

•"ne nozzle is scheduled to be cast at Howard Foundry

nex+_ month.

at _P Youndry.

be Reactor Back-Up Dozzles - S/_ O01L and S/N OOEL

Reactor back-up .-.ozzle S/_ O01L -_IZ _e cast next month

77 Task 1, Page 67 Item i._
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Analysis of the flan_ failure of S/R 002/, indicates that

a high thermal stress is induced at the flar_e joint. This is caused by the large

difference in l_perature, durin6 the start transient, of the almtlnma nozzle

flan_ and stainless steel ring on the nozzle-to-injector adapter. TO correct

this, s f_r_-d alualnua ring will be _ vhlch will sore closel_ slmalate the

I_VA pressure vessel loads.

2. mRX-A _ozzles

Final dravlnss on the three-port nozzle, l_X-kl(CF) S/_ O(XX)OIO,

have been released. The _Id procedure on the coolant tube Joint has been cor-

rected and incorporated.

]_X-A nozzle S/N 000000_ vas coapleted and assembled vlth the

nozzle-to-lnJector sdspter. The complete nozzle jacket, flange, and part of the

adapter will be glass wrapped. By totall_ encapsulating the flange, the thermal

stress problem experienced on Reactor Bac_tp S/N O02L will be eli_tnated.

NP_-A S_ 0000005 will be cast at Howard Foundry. NRX-A nozzle

S_ 0000010, scheduled for RRX-AI, was prepared for casting at the AGC Foundry.

_RX-A S_ 0000006 is being prepared for aluminum casting. The tubes for KRX-A

nozzle S_ 0000011 were received and loaded on the mandrel. NRX-A nozzle S_

0000007 was completed through furnace brazing and hydrotesting. Leakage occurred

and the tube bundle is to be rebrazed.

3. Hot-Bleed Nozzles

Analyses were completed for Hot-Bleed port simulation testing

at reactor conditions.

The final report is being prepared for _he six Hot-Bleed port

firings, usin6 titan hardware, conducte_ earlier in this contract year.

Three sets of tubes have been repaired by removing the end

fittings and weldin6 new fittings to the inlet end o£ the tubes. These have

been receive and inspected. T_ sets (S/N 0000011 and S/N 0000012) have been

diverted to RRX-A nozzle.
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. A_apters

a. Test Stand - Nozzle Water-Cooled Adapters

All work on this item was temporarily suspended this month

to concentrate more effort on nozzle problems, ketlvlty will be resmaed next

month.

b. Nozzle - Injector Adapters

Rework of adapter S_ 0C2K manifold bosses and installa-

tion of auxiliary passages from the overboard dump torus are complete. The

flange which accepts %be _-in. valve has been removed and the adapter is prepared

for installation of the dump system flange, which will accept a 5-1n. valve.

i.-ve_ti@-Ation._ are _til! underway in an effort to pin-

point the location and cause of the !eakaKe between the casting and injector

mounting flange of Adapter S/N 0OLN. Adapter S/N 002N is complete. 11o work

was completed cn Ad_pter S'X 003"__, £±nce it is uitlm6 for rework of the p_oof

and leak hydro %ooilng. Purnaze tr_zing cf Adapter S/N OO4N has been completed.

As _iscus&ed in paragraph B,I, design has been initiated

to re_iace the eKis,;i:_ steel rir_. bolted to the _ozzle flan6egwlth a 6061-T6

forged -_lumin,im ring which will more closely slam,late the pressure-vessel loads.

5- In lectors S,_. C2L1, 02_2_ 0_o0_ i_82t 0112

?he 3rifice _arter3 for S/N 02_i, whlc_ will be used with the

firs*. _._X-A test assembly, is a modification of the pat'.eru used for S_ lhS_

and _-s ca]cAlated to reduce the tots! oxidizer orifice area.

Injector S/N C.2hl is co_p?.ete with the installation of copper

face plates and baffles, and with the new criflce pattern drilled. The eroded

channel of 8/._"ih82 has been removed, and brazln 6 of the replacement ring is

being done• This injector will also be modified to increase the pressure-drop

across the oxidizer orifices, in_ector S/N 0112, which was previously f._med

during the injector development program and resulted in the erosion of the outer-

most three channels, is being changed to convert the three outermost channels to

copper face plates. Injectors S_ 03_2 and 0260 will he changed to incorporate
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copper face plates and copper baffles. With the additional revork which is neces-

sary, these injectors are nov only 1_ completed. At present all veldable eolpo-

Dents such as manifold sesments, lnlets, global pads, and ribs are being welded

into place.

6. Extensions

The heat-transfer report on the nozzle skirt is being prepared.

All work on this item vas temporarily suspended this month

Activity will be resum_l nextto concentrate effort on nozzle problems.

month.

C. T_RUST STRUC_JP_ AND GIMBAL

The design of modifying S/N 0000001 lower thrust structure for use

in the '!'PA tests was completed.

Work on the detail drawings of the upper thrust structure electrical

connector mounti_ flange for the _ is continuing.

Fabrication is continuing on the second, third and fourth thrust

structure assemblies.

Fabrication is continuing on the TVCA simulators for the thrust struc-

ture resonance survey and the TCA dynamic tests.

All component parts for the first gtmbal assembl_ have been col-

pleted. Fabrication of the component parts for the second and third gimbal

assemblies is 50_ complete. Fabrication of the gimbal fairtngs to be used in

the TPA, TCA and C_ tests is continuing.

Static limit load testing of the lower thrust structure was initiated.

Preliminary results indicate that the unit satisfactorily withstood the required

boost load.

The test specification for the static limit load test of the upper

thrust _tructure was compl_ted. A portion of the instrumentation was installed

for this test. All test tooling fabrication was completed.
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1"he thr¢--t _tructure rezonance survey te_t speclflc_tlon m ecru-

pleted. LTc.amic an_Llyse& in _up_ort of ¢hls test m_e contlnui_.

F... _'RESS:.._. .'F_SE:.

Froject eoordlnation of the tltamium pressure vessel structural de-

velopment program was provided by the _tructure__ te_t laboratory. The hydro-

static _e_ing of the t!_anlum press are vessel w_s successfully co,feted. Test

phase_ con_i_ttd of the in_tr'amented limit prozf test, the stress-coat test, and

the limit l_ad and deflection survey. Recorded data are being reduced to strains

and deflections.

_'relimi:,a_-yre_-_l_ of ÷,he three hydrostatic _,es_. phases on the

tit-mium _re_._re vessel indicate ;hat all ¢bjecti_s were satisfied. Cycles

of IOC_ (} cycle_, i0?.5_, and ilt_ of li_it proof were applied during the pro-

gram without any visual detrimenz_Ll effects to either _he pressure vessel or

structural nozzle __/c OCO.D(.=_: ). _r_.e stre_ _-__lysis for the above t_o-zone

hydrostatic =e-*. reve__ie_. ;h_t +he theoretic_". _-.r__tnsco_TJ_red quite favorably

wi_h the ex__r_ect_ ' d=t-'..

A te_:_ d_+._ re_orr for zhe zydro_t_+.ic pressure test of the aluminum

_res_re vessel 8/- _052, a_ be_n _repared ec:d is ready for publication.

A te_= _l_'_ for vendor acceptance _r_:,f testiug of aluminum pressure

ve_sel__ ".a_ _repared and -_::l be _en_ to the ve:_dor for proof _es_in_ of pres-

sure ve=se!-: SI'\ ..... _F'-u.,O,,)o5t._-c_h ,,,.,O_CCC,,IT.

Pressure ve:-_el 5/7_ SOOOZC1 _".=ich_ reworked for the WA_NL crltl-

cali_y %e_t was _hipped tc wA_'7_early in thi= report _erlod.

Structural uczz:e S/c OCOOCO12 which _ms used in struct,zral tests

i_ being _rep_red for ship±on,, t¢ k'_l_Lfor u_e with the criticality vessel.

The :los:_re of pressure vessel S/N 0000002 was shipped to the vendor

to have the _wo instrament_tion port_ repaired. The unit has been returned to

!_.P and inspection _ndicate_ th@t the weld repair w_s succe._sful.

Fahricat!on of pressure vessels S/N OOOOO_ and S/N 0OOOO_ is pro-

gressing on schedule. Fabrication of the closure for pressure vessel S/N OO00005

was initiated.
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Fabrication of strueturct nozzle S/N O(XX_O_ is continulnK. The

nozzle was re-heat-treated to the T-6 condition after _eld repair and grinding

was performed on some voids and cracks.

E. K -B oo x

Additional heat transfer emalysts shows that ¢herm_ shock is not the

prime cause of failure. However, thermal stresses and stress concentrations

whleh exist in the aluminum jacket (created by the Interlocks attached to the

tubes), combined with pressure loading, csm,,ed some failure, k topical report

will be prepared on this subject.

F. ROLL CONTROL NOZZLES

T_is effort has been deferred to CY 196h.

G. wnmm wozzu oom and S/. OOa

Hybrid nozzle S/N O01H was cast at Howard Foundry and has been re-

ceived by I_RP. X-rays Indicate round gas porosity in the convergent portion of

the nozzle.

Hybrid nozzle S/N O02H was cast at AGC Foundry and radiographicall_

inspected, test samples from the flange area were removed and tested, and the

machining operations which were required prior to heat treatment of the nozzle

were completed. For seventeen specimens machined from the flange of S/N 00_

and heat treated to the T-6 condition, the average tensile properties were:

ultimate tensile strength - _I ksi

yield tensile strength - 27 ksi

elongat ion - 15%

Heat treatment consisted of solution treating at lOlO°F for 18 hours, holding for

18 hours, and aging at 310°F for 2 hours. Round gas porosity up to i-i/2 inches

in diameter was observed in the X-rays; however_ the nozzle is repairable by

grInding and weld repairing.

H. ALT_%NATE NOZZLE DESIGN

The U-tube brazing samples have been subjected to hydrostatic struc-

tural testin_ The first s le was iven a satisfactor_roof and leak test
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and a destruct te.@t, in which failure occurred at 9800 pslg. The part was re-

turned to Y_teria4s Engineering for evaluation.

_"?_esecond sample did not pass the leak test and was returned to

Materials Engineering for st=,dy. Brazing methods are still under investigation

both by REON and the 5%_r_uardt Corporation.

MarqusrJt i_ continuing fabrication of the first U-tube nozzle, and

has completed +.he rough machinir_ a.nd the ultrasonic inspection of the Jacket

forging. The forging is now going into the intermediate m_chining operation.

Roagh machini:._ of the second forging has been initiated at AGC. Ultrasonic

method_ _r,d ievel_ _f :4uallty have been investigated and will be evaluated for

..._ _ nc?.'leapp!icabllity o:_ t_"

J. H-'__-D i,T,ZZLE - ACPI PRESSbT_E VESSEL HYDRu,-_EST

The fin_l report of the '.NERVAhydrostatic test is in publication.

K. APPi___L'_ZSE_9_i _33.KA_5

Du_-zr_ thi_ report _eziod, _nal_sls of the data on the reaction of

graphite with H_- 2 eo,abu3tion _roducts -_s essenti_ll_ completed.

The nozzle ho*.-g%_ he_ tra-,sfer te__ts are hO_ complete.

Prelizzn_rF bot'oz support plate te_ts with Lucite (Pol_qneth_l

Meth_cryl_te) co_ting cf the zr__._de._urfaces of %he nozzle cylindrical and con-

vergent sec',ion-:and %he bleed _o_, were completed. The objective of the pre-

liminary, tests is to ......,i=ua_ inspect flow patterns and hot spots in the nozzle

and bleed port, _r.d to faciiita_e louating the thermocouples and slope e_lorimeters

for the subsequen5 heat tr_,n_fer ,_ans.

Work on correiaticn of _,he -u_._ heat-trsasfer data w_s continued.

L. PRDPELL_2 _ LL_E FOR RN-6

_ne design of the propellant feed line for use with the Rocketdyne

RN-6 nozzle was completed. Purchasing procedures were started.

M. CAMZKAS AND LIGHTS

Data relative to this effort is reported in Item _._.

83 Task i, Page 73 Item i._

7
F



: , +.

°, .

Report No. L0560-I0-85

Item I.5 ENGINE CONTROLS

A. CONTROL $_STEM ANALYSIS

The major portion of the analysis effort at REON performed during

tbls period was related to engine system analysis and has been reported under

Task Item 1.1.6.

Analog studies have shown that the Kiwi-B_A controls will function

adequately for NRX reactors. These s_udiel; were made with the latest models

and included in a log-kinetics simulation for possible extension to malfunction

studies.

The .NRX reactor control hardware was tested with the analog model

and found to work satisfactorily.

A study is being conducted of the feed system for use with the gas

mixing chamber. Preliminary results of _his study indicate a reasonable correla-

tion with the test results. A temperature control system is presently being

des igned.

B. REACTOR CONTROL SYSTEM DESIGN

A reactor controller which operates on the same power supply voltage

as the engine control system has been designed, and construction of a breadboard

has commenced. This is a solid-state (with no relays) contro1.1er operating on a

control cycle similar to the reference reactor control system.

A reactor simulator has been designed for use in the control develop-

ment electronics lab which will close the loop around the breadboard controller.

The reactor simulator will be used to ensure that the controller is operating

correctly prior to the system computer analysis.

The fabrication and assembly of the NRX control equipment has been

completed, and acceptance tests are in proce,_s. The following equipment has

completed inspection and is available for shipment to NRDS:

1. Individual drum positioner

2. The electronic variable base programmer

3. The controller/sequencer

84 Task i, Page 7_ Item 1.5

+

i
+

!°

!.i ,..-

+.



h

T_

4

:i

AA

t,

_A

°.

_b

Report No. L0560-10-25

4. The automatic cooldovn system

5. Power supplies

6. Power-control signal calibration unit

C. ACTUATORS

i. T_CV Actuator and Drive A_llfiers

Difficulties were encountered with the dynamic shaft seal.

failures occurred during room-temperature acceptance tests. The carbon-

face seal ring failed under hoop stresses, and alternate seal configurations

are being manufactured and tested. Preliminary testing of five Hi-T lubricated

metal rings after run-in, while using gaseous nitrogen, showed an equivalent

hydrogen leakage up the shaft of 0.004 Ib/sec.

Ball-bearing tests are being conducted using SP pol_r re-

tainer __and HI-T lubricated retainers. Sufficient data has not yet been assem-

bled to determine the best configuration or _at_rial. Additional bearings have

been purchased for further testing.

The liquid-nitrogen heat exchanger was checked out at Azusa.

The high-temperature stand to be used in conjunction with the heat exchanger

for environmental testing was readied for installation. Testing using these

devices should be ready to start in September•

The test console and cabling for the A_gust TPCV radiation

test were shipped to Fort Worth.

Negotiations were completed with General Electr_c on the piston-

type TPCV, and a contract to start de. _.gn and fabrication is expected to be let

early in August.

2. I)_m Actuators and Drive A_llfiers

The preliminary design of the second generetion prototypes

of the electro-pneumatic drum control actuators has been developed in accord-

ance with WANL Specification E-675378.

A preliminary mechanical design layout was started and design

details were studied. Tests on components to be used in the design were conducted.
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Equipment and fixtures for futu_-e tests are being procured. Test components and

related fixtures for future radiation tests at GTR, Fort Worth, are being in-

stalled and checked out. WA_U_ Equipment Specification 675383 for drive ampli-

fiers for _he drum actuators was completed.

The hydraulic drum actuator assembly for NRX tests have been

cheeped out at ACFI. The torque transducers which will be coupled to the actua-

tors have been assembled and are under test. These actuators and transducers

wi±i be shipped to the test site from ACFI next month.

D. SYSTEM AMPLIFIERS

The evaluation of magnetic core characteristics at various tempera-

tures was completed and data submitted in Bendix Report 2355. The results of

the evaluation indicate _hat special annealed square Permalloy 80 Nickel-Iron

..... an M 0 _ --'-__ _am_,_ agent have the _ _+ pe_ .....ma,,_e
g

Four input stages were fabricated for evaluation in combined cryo-

genic vibration and shock tests•

Temperature tests are complcted on the second set of experimental

amplifiers, _hich are ready for final assembly.

A ceramic tube difference amplifier wss completed and delivered for

radiation effects testing in GTR test No. 7 in August.

E. PROGRAMMER _hh_DPJ_MOTE ENGINE CONTROL

The Remote Engine Control System simulation work was continued. The

Engine Control console will be finished next month and ready for check-out. The

other consoles will be completed safer.

Sixteen slx-conductor cables and their terminations in the controls

lab and the analog computer room are on order.

The Ground Test Programmer will be located in the ccmputer room.

This unit includes the mode selector circuits and the manual coo __ _m clrcults.

Malfunction, Facilities, and EngLne Programmer systems will b_ "ncladed in ac-

cordance with future scheduling.
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Coordlna_ion m_tings were held with AGC-LRP test and facility

personnel concerning the CFDTS.

F. ENGINE RAR N_SS

PreparAtion of a preliminary electrical harness schematic for the

CFDTS enAine was completed.

The vendor capability study, conducted to obtain qualified vendors

for N_JA cables and connectors, has been completed. The results will be pub-

lished during the month of August.

The thermal analysis results expected this mo:_h have been delaymd

due to the additions of a moisture barrier to the _nalytical z,_odeland required

further analysis. The results of the analysis will be published next month.
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DESTNET SYSTEN

BASIC F_ATION RESFARCH

1. Ex_losive Fragmentation Tests

Experiments were conducted, as part of the frsgmentation re-

search prugram, t_ provide an additional basis for ewaluation of _he adequate

nature and further utility of the f_ll-scale simulated targets currently beiDg

used in ACDS and PODS concept tests.

In previous explosive frsgmentation tests (which were con-

ducted in air), it was not possible to completely recover all of the fl_ented

graphite particl_s because a portion of these were transformed either into dust

or large pieces which were dispersed beyond the area of recovery. As a result,

such tests were of questionable value because a portion of the resulting

fragmented material was not available for analysi_. This frsgmentation recovery
2

problem was recently overcone by the use of a setup in which graphite targets

were explosively fragmented within a water filled tank. The wa+.er in the tank

was used to reduce .rticle velccltles to a point at which fragmented material
.o

could be re_a_._ed oy the tank walls. After each test the tank was drained and

fragmented f.articles of various sizes were recovered on scz_ens of different

mesh sizes. The luantltles of material recovered on different _Iz _.screens

provided a means of evaluating the _.apahillty of different explosive and rod

target configuration and combinations.

Recent tests so con.ucted have provided some insight into the

fragmentation _roeess. In these tests, explosive cha. ges were placed at the

center uf three layered cylindrical bundles of 3/4-inch-dla. by 6-1nch-long

solid graphite ro_s. Rod shaped explosive charges wore placed at the center of

the bundle, which was then placed in a polyethylene b_g and immersed in the

completely aclosed and water filled tank. After detonati_ of the explosive

charge it was possible to .wcover all of the fragmented particles in every

Instance.

88 Item 1.6



,b

o

o-

8b

o.

-6

,A

.o

o6

_A

Io

°Q

°.

t_

,!

L

i,

Report No. LO._:JO-lO-25

Tests vere conducted in w__tch explo6ives veighi_ fr_ 2_ to

1_2 _ vere detonated, while the rod bundles vere c_flned within a 6-tn.-O.D.

x 0.75-in.-wall steel pipe. It was found that lncreasl_ the _xplosiwe weight

fr_ 2_ to 132 grems resulted in a decrease of fre_ents over 0._3_ inch screen

size from 70 to 5_. In another experimen_, the e_ds of the steel pipe were

co_fined with 0.75-In. steel plate held in plev_.ewith four 0.375-1n.-dla. steel

bolts. After this test, with greater confinement, it was found tb,t o_er 60_

of the rods re_inl_ vere over 1.25 inches lo_, as ec_red with a test in

which the ends of the steel pipe section were not closed and approxi_tely

of the resaini_ reds exceeded this len6_h. A ._ubsequent test in which the

8rsphtte rods were taped together and not inserted into steel pipe resulted in

appror_ately 50_ of the retaining pieces exeeedl_ this leith. These tests

indicate that a certain emount of confineBent assists In the fr_pentatlm_,

vhtle too great an e_ount of confinement results in poor fre_mentatio_. It

vould appear fr_ these tests that there is an opti_ confine_e_t and ex-

_losige charge vel_ht vhich will result in the achiew_ent of the greatest

degree of fragm_tatlon for a given target.

It vas ad_itlonally observed that rod fra_ment_tlon va=

greatest for those rods adjacent to the steel pipe wall when higher explosive

":eights were used. In the test vhere conflne_ent was the _reatest, a larser

percent of the r'mm_ni_ fre_ments was compressed and showed evidence of plastic

,_efonmtiou. These results indicate that careful cormldera_i_ should be _lven

to "_? adequacy of end confine_en _. sl_ulation on fu_-l-seale _ and ACD5

_. l_oto_raI_Ac Display of _o_kwaves

_n other tests it _s possible to develop phot_mphic tech-

niques which were successful in displa)-l_ the profess of a shock_we throu_

plex_lass material havl_ holes to simulate in some degree the holes in fuel

elements. The shockwave was observed as a _ark fret due to density ch_e in

•_he plexi_ass material. Tests of this nature are intended to provide additi_aal

Informatlo_ on the atteNmtion of shockwa_e fronts and to assist in detellinl_
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the extent from the walls of a projectile in which this phenomena may be con-

sldered to contribute apprecl_bly to the frsgmenta_lon process.

3. Tlme of _r_v,_! Inst_ment_tlon
a

Experiments with piezoelectric transducers were performed in

a ccmtinut_ investigation of shock phenomena in graphite samplee, an area in

which photographic tee.hnlques have p:_)ven to be im._uccessfl_l. Measurements of

time of arrival have been successful at dls_an_.es az far as 4 inches from the

explosive charge. Beyond this di_=ance, interference from other waves has

presented problem_ In isc!ati._ the wave cf interest.

_. ANTICR!TICAL!_I 3"._ri

As a further demGnstratlon ef thc Hark A concept feasibility and

_-Iso to determine whether proximity to the ground h_s affected the results of

previous ACDS tests, the destructlcn of a full-s=ale engine ta._get from the

top of a 50-foot tower is pla._ne_. The results Gf zhls test will be compared

•with e_. identical previous test from the top of a lO-foot stand to pro__de the

basis for a determlnation of gretna proximity effects should this pos_tlonal

te_=t demonstrate that such effe=t_ exist.

C. RADIATI_ _ E_-EPI_S

In development of m_ irradiation capsule to withstand the detona-

tion of 3.0 gm of P_I_ cxploslve, a method was developed in which an impact

would cause the detonatior of the explosive while the capsule was in a w_ter

displacemen_ apparatus which is used to indicate whether small _antltles of

gas are evolved. Four tests were performed testing each of these gasket sealant

methods: a small lead gasket_ a Flexltaliic gasket, a Flexltalllc gasket with

a blast cup, _P_ a small leaa gaske_ with a blast =up.

In the test usir_ only the small lea_, gasket, a steady stream of

bubbles began to leek from the capsule followir_ detonation of the explosive.

After approximately 5 minutes, 212C =c of Eas had eseal_i, followi_ which the

capsule was opened and another I_6' ce of gas evolved. This test was considered

_o be unsatisfactory, therefore no _ddltio._el _estlng of this design was

planned.
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In the test using only Flexitalllc gasket, bubbles began to appear

around the gasket approximately i minute after detonation. These bubbles

finally began releasing at the rate of approximately one bubble every four

seconds. After four minutes, the capsule was opened and 2280 cc of gas was

released.

Before conductlD6 the tests with capsules having blast cups, it

was considered desirable to Increase fr_ 1.5 to 1.8 grl_s the _-xplosive to be

irradiated, _o allow for spillage when performing impact tests. Because of

this new requdrement, it was de_lded that the _uanttty of explosives to be

tested in the irradiation capsules having blast cups should be increased

3.0 to 3.,_ gr_.

The next test va_ conducted to determine whether _.6 grams of

explosive could be detonated without gas leakage in a capsule having a blot

cup and a Flexitallic gasket seal. Following the detonation of the explobi_%

the gas leakage rate was found to be cc_parable to the test in which _.0 grl_s

were detonated in a capsule having a Flexit'allic gasket without a blast cup.

A crude measu.-_ment indicated that approximately 16 cc of gas escaped over a

four-minute time period, with a bubble escape rate equivalent to approximately

0.067 cc/sec.

In the next test, 3.6 grams of PE_ explosive was detonated in a

capsule having a blast cup and a thin lead gasket. Following detonation of

the explosive 2.2 co of gas was evolved. Again upon openin6 the capsule,

approxiesately 3,000 cc of gas was evolved.

Other crude measurements were taken to determine the extent of

damage which might occur to surrounding structures or parts when explosl%les

within the cal_ule were detonated in a tank filled with water. In a test where

3-6 grsms of _ was detonated in a capsule located under water at a distance

of 19 inches from a similarly iu_ersed 150-watt light bulb, the light bulb

survived without breaksge. In another test a .0008 inch thickness of alumin_

foil located in a fixture seven inches from a capsule nurvived without d_e

the shock of explosive, the detonation of _hich_ within the ca_,.ule, _as tr_ns-

mitred through surrounding water.
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1
The results of these tests indicate that sealing methods employing

a blast cup and either a lead or a Flexitalllc gasket or a Flexitallic gasket

without a blast cup are suitable for containing the gases resulting from

detomation uf conte_ned explosives. The me_hod employing a lead gasket without

a blast cup was found to be unsatisfactory.

A continuing study is being conducted to determine the radiation

efTects, such as heat transfer, upon bolts used to ncld the cap on the capsule,

the material or .mter_als used in the sealing gasket, and th_ explosive to be

contained in the capsule.

D. MECHANICAL FEASIBILITY STUDY

The mechanical feasibility study during this period was primarily

concerned with an _perational analysis of a blfunctionsJ :.CI]S destz_ct system.

In a study of system simplicity, the use cf the PODS system during

anti-criticality as well as post-operatlon modes was considered. The "over-

kill" produced by such a system during the s.nti-criticality period could provide

the necessary energy to remove interstage structure without the employment of

au_liary cutting and ejection charges. This method might be modified by

employing one or more projectiles positioned in the reactor core to create

destruct action, while using the detonation of the other projectiles in their

respective launch tubes to remove t_: interstage structure and permit dispersal

of the core material.

In a consideration of ejectable Mark A and Mark D ACDS systems,

used in conjunction with a Mark D PODS system, it was concluded that these

ACD8 systems were not conducive to incorporation into a bifunctional system.
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Item 1.7 I_JNATIC S_

A weight study was conducted of three e_ine pnetm_tic system_,

covering a system which would only supply gas for actuator l_arposes; a system,

presently proposed by AeroJet, which would supply both actuator fluid and

tank pressurization; and a third system, the same as the first, except that

no roll or thrust vector controls are included. This information was utilized

in a Joint A_C-L_C report of the interface problem areas.

Component s_nd system ana 1_yses were continued, to upgrade the

design criteria.

Work continued in the area of component selection and instrumenta-

tion on the pneumatic systems laycut for the Cold Flow Develol_nent Test

System.

The Relief Valve Specification, AGC 42256, alas released. Work on

the burst diaphragm specification was discontinued when it was found that the

general specification for burst _laphragms, AGC _2255, prepared for the M-i

program, would be applicable to NERVA.

The specification and speciflcatlon control drawings for the

following coupon•his were sent to vendors with a request for quotation.

1/2 inch filter

i-I/_ inch filter

5/4 inch regulator

1/2 inch relief valve

Evaluation of vendor proposals for the 3_-and 1-1/4-inch check

valves was initiated • Three proposals have beer. received to date•
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Item 1.8 NRD6 OPERATION

A. ETS-I ACTIVATION

A detailed outline of test procedures for operational checks to

verify the integrity of contractor-installed systems, and a detailed test

procedure for operational checkout of the diesel generator sets, was submitted

to SNPO-C for e,,aluation. A procedure for conducting the water system flow

test is under p ceparation. Coordination of engine interfaces suld steam gener-

ator test requirements is continuing.

B. TEST CEIL "A" OPERATIONS

The following modifications have been made to further

adapt this cell for NRX-A testing:

Installation of mixing chamber and checkout under
cold-flow conditions.

Installation and checkout of a new core purge line.

Issuance of drawings for the construction of a flow

pipe for facility checkouts.

Pouring of foundations for the lO0,000-Eallon dewar.

Design package (including work order request) for the
modification of the movable shed for the reactor has

been forwarded to S_P0-N for implementation.

C. NRX- R-MAD OPERATIONS

On-the-Job fttnc,_ional training of both technicians and engineering

personnel is continuing.

Assembly operations have been started on the NRX Test Car.

_rocedures are being writte_ for reactor assembly_ test car assem-

bly, d_sassembly, and post-operative inspection.

D. CONTROL POINT OPERATIONS

A preliminary design on the modification of the Neutronics System

was forwarded to I_SL for evaluation.

L_

}
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Item 1.9 RADIATION EFFECTS PROGRAM

A. PROGRAM PL"_ING

The Radiation Effects Testing Program for Contract Year 196& has

been outlined and the work statement, Technical Administration Document, and

the General Dynamics/Fort Worth Program Planning details are being prepared.

B. RADIATION EFFECTS REPORTS A_%])INFORMATION

RKON Report 2622, Final Test Specifications for Ground Test

Reactor Tests of 2_ Jul 2 1963, was issued. The specifications included are

listed below by test number:

Test Component

l_/Wool
23/woo_
23/WlO_
23/w2o3
23/w3o2

23/w5o_

Control drum actuator components
Accelerometers

Resistance thermomet._rs

Linear motion displacement transducers

Thermocouples and connectors

Strain gages
_ressure transducers

REo_ _eport 2626, Prellmlnar X Test S1_ecificatlons.fqr Ground

Test Reactor Tests of 24 August 1_, was also issued. The specifications

included are listed below by test number:

,Test Component ....

1_/woo_
23/w0o5
25/w5o_
37/w001

Control drum actuator components
Accelerometers

Prmssure transducers

Tie rod materials

REON Report 2641, Preliminary Test Re_orts for Grou_l Test

Reactor Tests Durln_ 15 Tb_u I_ May 1965, was issued. Included were:

_ Test Compg_nent

22/woo_
_/w_2
23/_
2_/w2o_

Fission counter pulse preamplifier
Accelerometers

Resistance therm_eters

Linear velocity displacement transducers
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i:

Test

23/w502
5llwon
40/w001/2

Component

Strain gages

Pressure transducers

Electrical components

Control &rum bearing

C. NUCI/AB ANALYSIS

A neutron dosimetry program for NERVA Irradlation tests to be

conducted at PBRF has been established in collaboration with PBRF personnel.

The program includes a method for determlning gamma and neutron fluxes for

the W-2 capsule test position in Horizontal Thru-Hole-l. Determination of

the W-2 capsule reactivity worth and flux mapping in Horizontal Thru-Hole-I

are in progress.

Total isodose contours about the NERVA engine were generated

_A "nusing the most • =c=, t data on fast neutron and gamma:rs_- fluxcs.

An analysis program was initiated for prediction of the neutron

activation of all components of the NERVA engine.

D. RADIATION EFFECTS TESTING PROGRAM- COMPONENTS

i. Electrical Components

Efforts are continuing on engineering design of the elec-

trlcal irradiation test pallets and fixtures for all CY 1963 tests, and on

long-lead procurement and fabrication for all CY 196 3 pallets.

Completion of fabrication of Electrical Irradiation Test

(EIT) No. 501 (first LRP electrical test pallet) was delayed, but it is

anticipated that this will not affect the test schedule.

2. Mechanical Components

Efforts continued on engineering design of the mechanical

irradiation test pallets and fixtures for all CY 1963 tests and on long-

lead procurement and fabrication for all CY 1963 pallets.

Completion of MIT No. 902 (second mechanical test pallet)

was delayed, but it is not anticipated that "his will effect the test

schedule.
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3, Test_.___s

The MIT No. 901 radiation effects test _s conducted at

GD/FW on these items:

Test Component

i/LO01

3/LO01
_/_01

8/LOOl

Tank shutoff valve

Turbopump assembly bearing set
Turbine power control val_e -

Configuration No. i

Static flange and seal

Irradiation Test No. ? at GTRoriginally scheduled for

July 1963 has been delayed because of reactor scheduling problems at the

GeneraI Dynamics facility. This test has been tentatively rescheduled for

completion in August 1963.

h. Test Facilities -- Special Test Equipment

Interim utilization of Horizontal Thru-Hole-1 has been

substituted for vertical tube utilization; however, no schedule is available

at this time. Reactivity measurements and flux mapping in Horizontal Thru-

Hole-1 is currently in proEress.

Installation of all piping and instrumentation for the W-2

_ater-cooled test loop was completed and the entire system is being checked

out to meet Plum Brook approval. The capsule and sample fixture have been

inst,!led and a_e being checked out. It is estimated that full-pover will

c_ence in early August.

A design manual and hazards analysis for the W-2 water-

cooled loo I was submitted to Plum Brook and received full PBRF Safeguards

Committee approval.

The final design package for th_ PBRF W-1 cryogenic loop

has been approved and SNPO comments on the Vitro specifications are being

incorporated.
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E. MATERIALS PROGRAM - NON-NUCLEAR

i• Reactor Materials - _on-Yuel

a. Shield Materials

Post-lrradlatlon examination of the shield capsules

w_s started. The eight unirradlated control capsules were subjected to their

respective thermal treat_rents. The results obtained from this portion of

the program will make it possible to distinguish between thermal and irradi-

ation effects•

b. Reactor Structural Materials

Results from chemical analysis and metallography of

the 60-lb air inductlon-melted ingot of 30_ gadolinium containing stainless

steel for cluster plates, indicated cross segregation of gadolinium. Success

in forging this 5-1n. diameter ingot is considered si_nlfleant progress,

however. In reviewing the data generated on previous ver_lor experimental

heats, a correlation between unbalanced composition (nickel content adjusted

to give retained ferrlte at room temperature) and forgeability was discovered.

It was also apparent that vacuum induction melting gives better homogeneity

than air induction melting. Thus, a _cuum inductlon-melt to achieve a 7-1n.

ingot of unbalanced composition will be evaluated.

The evaluation of an amount of gadolinlum-containing

stainless steel sufficient for nine cluster plates for PAX was completed.

The material averaged,

at Room Temperature at -_20°F.

Yield Strength 31,300 psi 56,000 psi

Ultimate Strength 80,500 psi 169,OO0 psi

Total Elongation 78_ to 6_

The gadolinium content averaged 0.83% with a range of 0•80 to 0•84_.
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Tensile testing of the alloys

80$ silver

indium

'75.5_ silver

n. 5_ l_i_
8.5_ cadmium

_.5_ tin

which are being evaluated for cluster plate applications,

sults:

showed these re-

Test Ultimate Yield Strength

Temperature Strength (O.02_,_Offset) Elongation

(°R) (_s_) (psi) (%)

Silver-Cadmium-Indium

300 _8,0OO 23,000 70

540 45,000 22,000 60

750 41,OOO 19,OOO 62

i000 20,000 15,000 52

Silver -Cadmium-ln_ium-Tin

300 53,OO0 27,500 36

5hO 53,000 26,000 35

700 30,500 23,5OO 7. =

ii00 16, pO0 14,000

i_60 2,700 2.000 i

Analysis of the technical requirements f _ lite

inner reflector cylln_ers and discussions with vendors have r¢,_,, n the

preparation of a specification, PDS 30073, Graphite C_lir_ler. . . study of

graphite tensile specimen designs _owed that two of five experimental

designs gave satisfactory tensile data.

The fabrication development foy tie ro_s, both reg o

ular and instrumented, has _een completed by the vendor with a_equate results.

The following table lists the average tensile properties of 18-in. long tie-

rod specimens:
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Test Ultimate Yield Strength Area

Type of No. Temperature Strength (0.02% Offset) Elongation Reduction

Tie Rod Tested Conditions (Dsi) (psi) (_) (_)

Regular

Instru.

X-750

3 Room 169,0Oo lOg,O00 16.5 26.3

3 Liquid 1.99,O00 127,OO0 13.6 19.

Nitrogen

12 Room 1,709,000 IOI,(K)O l_.l 28.8

6 Liquid 2OO, O00 i12,O00 18.9 25.1

Nitrogen

718

Regular 21 Room 196,O00 166,000 i_.5 _7.6

3 Liquid 2_i,O00 190,000 16.8 h5.9

Nitrogen

Instru. o 8.0 _.lu Room _±u, O00 182,000 ^^

4 Liqulu 263,000 206,000 lb.5 30.5

Nitrogen

c. Control Materlals

Production of aluminum-z,atural-boron control plates

had continued and material to fill all current orders is in varlo,3s stages of

processing. The first plate assemblies will be prepared after the first

group of completed plates has been flnal-lnspected. Samples of he aluminum-

natural-boron sheet have been tensile tested at several temperatures and

strain rates, and further tests of mechanical and physical properties are

planned. Chemical analysis of alumlnum-natural-boron sheet have shown the

boron content to be close to the intended values, with some being slightly

over the speclfle4 range of 18 to 2_.

d. Thermal Capsules

Non-consumable arc melted buttons of the following

_n_lyses are being made for conversion to wire:

21_ tantalum ",-79%niobium

67_ +53%
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2. Non-Radiation Program

a. Thrust Chamber Assembly (Item 1.4.6)

(i) Cast Aluminum Jacket Materials Development

Hybrid nozzle S/N OOIH was cast at Howa_l

Foundry (Chicago) and has been received. X-rays indicate round gas porosity

located in the conver_,_enc oct*ion. Average properties from R-5 specimens

are:

Ultima _e tensile strength

Yield _ens _le ._trength

Elonga_ ion

38,_00 psi
c2_,500 psi

Heat treatment consisted of solution threating at lOlO°F for 18 hours, water

quench, holdlng for 2h hoar:_, and aging for 2-i/_ hours at 310OF.

Hybrid nozzle S/N O02H was cast at AGC Foundry

(Sacramento). Mechanical properties, microstructure, and chemical composi-

tion were determined of bars separately cast with S/N O02H nozzle. Several

heat treatmenns were applied to the test bars. 7he averaze tensile proper-

ties of 17 specimens machined from the flange of this nozzle amd heat

treated to the T-6 condition were:

Ultimate tensile strength

Yield tensile strength

Elon_u_ion

h2,000 psi

27,700 psi
1_.8_

Heat treatment consisted of solution treating at iO10°_ for 18 hours, hold

for 18 hours, water quench, holding a', room temperature for 24 hours, and

a&ing at 3100_ for _ ho,,rs.

The X-rays indicated round _as porosity u_ to

i-i/2 in. in diameter. _he nozzle is considered reparable by grinding and

weld repairing. _e evaluation of the effects of chilling and sodium modi-

fications were comDleted.
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(2) Nozzle Br_:ze Alloy Development Progr_mm

X-rsys, h,vdrotpst, end metzllographic exami-

nRtlons were completed on two hrzzed _est s_eelmens. The -"0 _nd +IOO Ts/,lor

mesh size %_s est._.blished for future grit blasting. Forming procedures for

bre'e alloj foils and specific:tionz for ele_n room reguirements were pre-

l_ared, u_!ding procedures for tube-to-tube Joints using AGC h_O?_ filler

material were est_ :lis'-ed.

(3) Thrust Chamber Assembly Materials Investigation

Tensile cestir_ was completed of A-286 bolt

materi__l from Standard Pressed Steel Co. and 18 _ nickel maraging bar stock

(rain. Ft:. = 2_O ksi), at temperatures rangi_._ from -520 to +_OO°F.

.... _u holt material_.L.,.,._dr_-wrL _nd _ed inconel .._,o

was ordered from Voi-$h-.n X_nuf_:cturing Compan: .

b. Pressure Vessel _.:_terial Development

tensile specimens from a welded section of O01T-PV

test ring _.re fabricated and tested _t r_om temperz_ure. The specimen

failed in the parent metzl. Microphozogr_phs of b-_ken specimens indicate

typie__l fractures.

tensile Fro_erzies of _Al-_V-ELI forgecl titanium

plate were obtained at room temper.9.ture, -lO0, -520, and -_25°F.

_. irr__diation _es_s on Structur2..l M_.terials (Item 1.9._)

a. Tensile Tests

Preliminar results of _ensile tc._Ls aL -423°F,

following General Er-namics d_tz reduction, are:

102

.:'i";.ii .
•.: .." :

• .

• :,. : : :
-e • _ eoe ee e,,

T_sk I, Po._e 92 Item I. 9

!

i i



°°

.o

tA

e6

_L

<%

_A

o •

o_

o;

Re_ _. L0%0-10-25

lad.te_al .

,_mlnus Allo_8

2219 -61
_.-O

8_,_lnless Steels

_/_:_, _m,lea
_?.1., ez,aeelecl
_7, cut
k_5o (_'_, 85o)

_o-c

WieJ_el-_Bue Lllo_l

Eu t#_Uo_ C
Imeomel X-7_O
I=eo__Z TZ_c (c_t)
X _one_ (east)

Tltani_a ALlo.v

AIlO-AT, ELI,
annealed

Loagitudinal
AIIO-AT, ELI,
welded

Transverse

Mo_ybdehum Alloy

Plastic Materials

Teflon
Ar_lon
Rulon A

Ave_ __nnile Properties at -kgS°r

'Jlti_ate Botched Yield _ Awea

Strength Ultimate (0._ Offset) _loa@atton Reduction

95,_)o 81,_o 67,1oo _.2 ;_.6
8_,_oo 57,_oo k_,9oo 12.1 10.8
Tk,7oo Q,I_O k6,_)O 2_.0 _2._

110,_o To,_o 9k,90o 6.k 7.0
108,800 81,_)0 9%900 6.1 6._

2_,ooo 12]., _o _0,_)o _8.8 _T._
2_,800 168,200 _T, O00 _t.8 L_9.2
;AT,_X) 99,2OO 8_,000 7.7 8.8
_,_o _r,9oo _,_oo 1.o 1._
22_,600 18_,B00 1_5,900 _T.5 _.0
_A.7,kO0 ....

- - 2]._;,2oo _9.2 _2.6

111,@)0 127,700 ZO8,O00 _.0 7.0
xo_,_oo x_, _oo _8,_oo 2_.2 zS.x

216, EO0 171,000 199, _00 17.1 17.8
239,200 210,200 217,000 12.7 15.1

21_, 600 118,1oo 198,000 _-9 9.b

72,800

j800 -- -- " "

_0,200 ....
1_,000 ....
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b. Dewar DesLgn

The new dewar deslgn, for future cryogenle°irradiatlon

tests, has b_en completed. Copies of the design drawings have b__en submitted

to SNPO-C for approval, and have been sent ou_ to potential fabricators for

quotation.

io_

<i°:ii*
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Item 2.1 FT_4OTE HANDLING EQUIPMENT

A. INTEGBAT!3N AND TECHNICAL _&%NA_[c_NT

An interface liaison meeting was held at New Yo_: on So July with

representatives from REON, Vi_r_. an_ SNPO attenJ,lnt_. The two major topic_

of discussion were the external configuration of the wall-mo,-Ited h_ndlins

system, _.i the modifications required for the swin_out rails to accommoch_tc

t_e OFS Lusbar mo._ntinl..

A technical directicn meetins was held at Azusa on 18-19 J.-,l,,

between AJ4F and FEON. _e meezinL -_,_end_centered 3n a discussion of the

relia'cility and quality assur-_nce aspects of the AI4F supplied eq,,_ipmen'.-_nd

current equipment an-- ae_iEoa protlems.

• _n pro_--css.

Operating instruction ma.nuals for the ASFI equipment are being

wrltten.

B. 3_._kD P_'F.TT:_,_';I.':S- _.YCT:]_I(OPS)

Proc,:remer.t _oc-_ne.-.t_have been approved for the OPS mast, brid&e,

and trolley subassemblies, ar,a for the associated electrical systems aria variable

speed &rives. Bids are beir._ solicited x these item.

__es!_r effort is beln_ concentra_.ed in t_e areas of the _PS float-

in_ head _md the F.-MAD 5uil-iin8 ln_erfsces. Design of the OPS floatin6 heads

is in progress A llaison meetin% to re'_iew _ne prelimina_- design of the

mechar.icai fl._a'.l:__:..a:.t_wR_ i,.ul.li:: ,'_t'_mford,$_nnecticut, on 29 July. A

meeting to review tne ccmple,e pr_llmln.',r_ _c_': r. _.',_e,,t_i_ _ched,_ked for

C. FLOOR _K)UNTED F__NDLING SYSTEm! (FI._)

Design ._:"t_,; p,_r_Li,_, t._rrt.,_bie,mobile carriage, and dolly is

proceeEin_ on schedule. Requests for Quotes on these items are scheduled to

be issued durinL A_ust.

A study was made %o evaluate the tol- ,nce b_:ild-up between the

pressure vessel and the core.
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._ _e_i_n an_ ct:t%us _v_u_. =_-_-n vat con_uctui .. ,(.,ON uL Li_

_fTc_, 15 to I_ Jul._'. A revlew of the _eclmica- _e_ij: o_ _e.. _,_. i_ _ "m -,

_t_t::u _ort oi' _le de_i_n. D_Lrlc_ion, _.'. ,.cliver.. of each i_em _as pl_-

_-ente_. This meetinL covered all n_n-n_c±c-:- IJ_-G_. ; _u_= _,_vL .... _ h.

suL}tasks _..i, 2.2. _na _.9

,k review meetin_ _a_ hel<_ _t _ANL, Luroe. ,_m_, ,_vu_,L:..._U . -_.

J:'.ly, wi_h ._upre_untutives from I_ON, WANL om_t S_PO _tten_in . '_h _,, ,-_:n

uuenda centered c_I h.1_ :,_yruv:_._. ux" ta': N_,_-,I _:.ur'__tion'_ _'_.,.or, :'_ u_ (.,';d_L-

T_R-115) an_ _e status of all |_IX-A1 eq,_ipment.

Prelimin_r., l_-o_hs :.z'e .uln. :_eveicDu_ _'rc_ _;le_e +,cJu cur areas:

the, reactor i'rLu$ure _run<_auer _unci. L,,_ u_l'.._nc_ _,_"._ s3utem& ?o." tac

HRX-A1 an.l NRX-A_, an_ the Instrumanta_ion Ro_m :_Lt.','uhment _c Lhu n.n..i, .

The non-nucl_ar £o_'u-cn o_" _c NI_:-f_ Ol_Lion_l _ ,i,,c_'_ plun ".:

_%eal-ln:, com_ iel;ion.

The ._im,/lated HR): reactcr _emonstraLion _y rail w__..... co_=. _" ...

_.'_e..LC%_:. The ,..-u:;_:nt :_.uc,'i:.".n L...:_niDm_nt (WA_L-TI.L_-!L56) has L_n i;.__iu-

%e_, ar, ci will -e p:blls_e_ _,:rino _n¢ n_.".u __:_orL _,,.='I,..L

S_nt4= s"u_n_._, for _hi£ %a_2. of the NRX-Ai 3.Luport eq,ipm_n, --_

ACFI

Provi".ionlnu _S_; ....:

Li_t It,:._ No. 'rith____i _ Fa.,_...._.

Ii_7 |_actur Trunnion Ca_e X

l.!50 /_;tc_or-Vc.,?1%h_Jnnion Ca,e k

).__ h-'.*-_,u," ..,.I_..;_O," i{it_ IIuh:'.i**- Fixtu*_ X

1155 Scr_-en Hanolin_ FixLare X

115'i NRX-.i T<.;. C_r X

I18_ P_ac_or Tru:miun FiAt,s% X

U
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Provisioning
List l%em No.

WAHL tll_

±i_5

I170

195

1217

1_58

1262

_71

LRP N-211

*Status

Outer Reflector 3ector C_%ainer F

Cluster Nut Hardware Container P

Fi_ler Strip Container P

Fuel Cluster Liner Tube Cuntalner P

Lateral Support Contalner P

Fuel Clust_-r Tie Rod Container P

Element Ce.s_ Insert C_E

No _ Hardware Container P

Tie Roa Insulatin 6 Parts Container P

Suppc_. Fuel Cl_ster C_talne- P

Plate Fuel Cluster Container P

No. 3 IIard_re Container P

T_:_:-a Ci=sure _ockc_ _olne

Liftin_ Fixture - Remote

* Status S_bols - Status of first um.lt onl), indicatea

P : Preliminary Deslen Complete

F = Final De_i.n Complete

I : In Fabrication

X _ Cumpleted

Z. NE_A EXHAUST SYSTEM (NZS)

A handlln$ coucep% has been chosen for 'the _,S _uC%. B_secl upon

conslderatlon of economy and handlt_& co_ver-lence, a trailer system was xlected

for further development. Operatlc_al requirements and the outline c_nft6uratton

of the _ tral_er have been established. The design criteria and the con-

ceptual _uwing of the NSS trailer are in the process of develol_ent.

Develol_ent criteria has been initiated for the NES inspection an_

dec_taminat 1on syste_.

m ii ,i m , ,| , i 1
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F. E-ENGINE KQUI PI_/NT

Preliminary desl&n criteria 'isin toe process of _evelopment to

be used _[th the E-en6[ne durinc transport an_i storeese

TLe prellmina_..'_c_i_n an_ _raftlnb of Aesin criteria, for pro-

tective _ust covers _se2 w'th the EIV _urin_ E-en, in(. _t.ora_e _n,i transport

arc in the proces_ cf aevclopmcn'..

t-_le E-en6ine oFera_iona_ _ :pp.-_r_plan ha_ Leen initi.'.te:.

Reports cover'::_ "cst¢ :'or _'te "..tcT.latoru_t':,_'n container _nd

pac}:ncin _ ins*.ructiDnc for "_ne &_c:.e= am_,ilfivr_ wer_ _abm'tte_ i_- ben;ix

Froducts Aer.:.spa:c bivlz,'_'_ !'_.t" :.,,v_.,_

G. EIV, _Q. AND LOC_gMOT.IVr/

Fahrlcation of %'re .-.IVan_ _X:C"_ proceu_i,.,u on _chvaul_-. A ven.c:-

was selee_ea en_ approve_ t9 construct .'ne shielae_ =ah of _he MCC.

Design of the n'tro_en pur_in d sys_:em, eah win_ows, and fresh-

air fil=erin& umit to Le ,ase'=in _he I.l'7_were apprcve_. The followin8 _esiEn

plans were also apprgve_,:

El:; lcn_it&unal carrla_e fgrc _n_ al't sssemLly

_ncnin,: 2r:ve a:.d the stop mec.r,_.nlsm

Azimuth at!re assez, i_

_t=.<ll.. [;_:.t_.:'.S'SLiil':. ltl:_l_'Ci:;

Lateral _.arrl_e /rive a_semtl:

50- er:a ;_O-ton _ack assemblies

Truck _ac_ assembl),

H. FACILITIES SUPPOI_T EQtr[FMENT {E-MAD CO.MP_)

A ckr_ft of the intercell transfer system design criteria is bein_

_evelopei.

A total of six interface control drawincs were initiated to cover

interfaces between AMF _nd the NRDS Facilit).

;

........ q
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I. TEST STAND EQU!PlvlE.'I'r

.The Test St_ m_if_c*-io _-study effort continued wi_ em_m_is

methods of performine *he req_ireg operations rand the _lineatlon of equipments.

Developmen* of t:_e preliminary ae¢ien criteria for the B_cllo-

.'-ctlveHot Engine Mold St_:_ (NH.EuS) is in process.

t
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Item 2.2 GROUND S.UPPORT ___UIPMENT - CHECK(N__ AND TroT SYSTEMS

A. INTEGRATION AND TECIu_ICAL MANAGI_ENT

A status report of all Subtask 2.2 and 2.3 support equipment waz

submitted to Mr. E. Burciaga of NASA-WO0 following a review meeting _t ,_.zusa

on 50 July.

B. NRX EQUI PMm_r

The NRX-A1 cperational support plan was completed and publlzh-_d.

The NRX-A2 operational support plan has been initiated•

The WANL purchase order for the ,,o___ng_e Mode Memory Matrix" waz

approved, and one for the "Portable Air Hydraulic Test Stand" has been sub-

mitred for approval.

Design review meetings on NRX equipment were held between REON

and LRP, and REON az,d WANL, as noted in Item 2.1.

A statu_ s._nmary of NRX-AI support ec,_ipment supplied under this

task item by progxmm participants follows:

WANL

LRP

Provisioning
List Item No. Title

1402

I_O6

45O

451

Control Dram Servo Checker

Wiring and Transducer Checker,
Test Car

Rocket Engine Pressure Testing

Closure Kit

Rocket Er41ne Nozzle Throat

Pressure Testing Closure Kit

Status*

F

F

I

@

Status Symbols - Status of first unit only indicated•

F = Final Design Complete

I = In Fabrication

112 Item 2.2
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Co

remote ermine contro L =y=tez iz helr_/ prepare

the operationul cupport plan for the E-engine.

D•

prellmlnsry

_o

FQ

E-]_;CINE E%UI _M_f

Preliminary design criteria for the E-englne slmula%or and the

Wo!'k haz been initiated on

CHECKOUT TBAILE_

Pequir__r.cnt_: for the _hec_ou_ _r_iler have been developed and

je_i_n criteria- i_ be!r_Z preFared.

T_T STAND E_b-IPM._

5equ_:'_n_e.nt'" -'_r thu k_S-i ._h_=ko'l[ =,v_te_. are be_._6 generated.

CAML=A$ AND LiCH_?

?reli.-..Inar::lightirz a.'.5_z_er. ,_.studie_ showing the effect of

nozzle surface color and fish% _÷ ...... •_ ;,.e ......., ,_ere :ompleted The positioning,

by anguiatlen, o" -.h< llchT._ t.- .'.hefixed h:'.e_ in the nozzle w_s determined.

The desIKn of Zh_ :_..cr_ h._ir_ c::\,a'__pe "_'a_".or_pletei an-_ celeased for

fatricatlc:_. I_:£ ....._---,.-..t'.......eqiiP ."-.<._-%_-'--el. _an5:

i. T V ,:emer_ a_n_ cc:_:ro= unit

2. _ ca. _,,_:.-..'_f. 1._ A_&en_eux " enses for the mo_e :ameras

Z
.. A._,_enieux quality lens for the TV

2 amC r_

'[h_ earle for the -bnn__e:ion ,'f _h =. q'V :amera to its

con: re_ __nlt% •

The tw,: merle :m_._ra_ were c,'dered. All basic design is completed.

• °
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Item 2.3 GROUND S'UPP3RT E_JI .R_._,

A. IFfEGRATION AND T_ENIr_L M_AG_M_

An SN_3/W_.NL/ACFI design and status review meeting was held at

WARL, Large , Pennsylvania, on IC-II July. Subtasks 2.2 and 2.3 were dis-

cusse_.

A status red-Jew meetir_ was hell at Azusa with Mr. E. Burc%a6a

of NASA-WOO on _0 July, concerning Subtask 2.2 and 2.3 equil_ent.

B. NRX _i R_

,_ne WAkl pur=hase or_-er for the ':inner Reflector Handlin6 Fix-

ture" (Item 1236) wa_ ap_v_.

Design review meetir_s on NRK equipment were held between WA_L

and REQN, and LRP and P_N. as noted in Item 2.1.

The non-n._lear _¢ rti::r.__f!t,e pr_llminary draft of IURX-A2

operatlorml support pia_ i_. neari.-_ c.m_,ieti,_n es noted in Item 2.1.

WA_L

Status S-_mmar_ of Support Equipment

Provlsionin_.
List Item No.

1T_9

1_c8

1i_8

ii@3

ii61

zl6_

1163

n}8

Tl:le

Status _
|

Fab.

Reactor Assembly Sbippin6 Container X

Semi.-Tr_i'__r-Reac--.r & Shi._Id Shippir_ X

=n:_r Shipi'ir_ C:mtaiz.,erStand X

Reactor =r,_t_er._aticr. Support Sling X

_ea':_,)rinst _'.mentat_on Pallet X

Reactor Assembly Lif.7-ng Fixture I

Shi_piP_ J.:ntainer ilftir_ Fixture X

inner Snippir_ Container Fixture X

Shipping Con%a,:::-.'.'.'overPallet X

inner Shipping C:_ntainer Cover Pallet X

Univ.-rssl _andlin6 Fixture X

Privy Pi'_ Assembly Stand X

Task 2,_e 8
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LJ

H

d

L,

F"

L

H
t

LJ

ri

U

H
,+

1:

l

D

U
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Provisioning

List Item No.

llSl

12_2

1233

1235

t236

1239

12_2

12£16

1256

126:+

1266

1267

1119

1259

iL_2

?o_

-f21_

8ol

8o3

Report No. LO560-I0-25

ntle ,.,

Instrumentation and Shaf_ Control

Support Fixture

Reactor Vessel/Car Personal Platform

Core Loading Fixture

Core Barrel liandling Fixture

Seal Retainer Firture

Inner Reflector Handlir_ Fixture

Cluster Assembl3" Flxture-_ator

Cluster Assembly Fixture-I_ar

=ontr¢l Drm_ Lifting Fixture

Outer Refle=tor Sector Lifting
Fixture

Control Drum Storage Rack

Cold Reactor Disassembly Stand

Inner Reflector Lifting Fixture R_ng

Barrel SuPl_rt Stand

Simulated Shield Csntainer

Flow Screen Container

Control Drum Shafts C.._tainer

lnstru_entatien Hardware. Container

lateral Support _arts Container

No. ! Hardware Container

Element Cask Insert Shilznent Con-
tal_er Inltia_ed

Reeker @r_ine Nozzle Shipping and
Storage Container

Rockez Engine Semi-trailer

Multiple LeE-Multiple Purpose Sll_
(_O_0 lb cap. )

Rocket Englne Forward Closure Lifting
Fixture

z

F

F

F

F

F

F

F

X

F

F

F

F

F

P

P

P

P

F

P

I

I

X

I

ll5 Task 2, Page 9 Item 2.._
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lh-ovlslont_

I_st Item ,NO.

_9

817A

915

9Z6

917

918

_p_ No. _o-lo-2_

....... T_.tle ....

Be_- Type attn_

Rocket _lne Nozzle Holstl_ aeme

Nnltiple-Leg SU_ (12,000 Ib cap)

Bocket Ermine HandlL_ Jklaptor

Rocket _n_lne Stand

Rocket ]k_lne Maintenance P18tfora

Rocket _lne For_rd Closure Stand

Rocket _lne iozzl.e Stand

o
Status SyMbols - Status cf first ,m£t o_y indicated.

P - Preli_inary Design C_plete

F = Final DesJ_n Caaplete

I = In Fabrication

X = C_npleted
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Item 2.4 INSTR_4TIO_

A. I_|STRtMEh_ATIO_ DATA BOOK

The July 1963 edition of the Inst.-_lentation Data Book was pub-

lished. The data book was expanded into three volumes:

Volume I - Measurement Suu_ary and Measurement Requirements Lists

VoluJe II - Development ProE_ for En&ine Instrumentation

Vclume III- Development Pro&rams for Reactor Nuclear and Non-Nuclear

Instrumentation

B. NHX-A INSTRt_.'_J_TATIO_

The NRX-AI Cold-Flow in_+..ru_entation systems drawing has been

modified in accor0mnce with the latest engine nozzle desisu changes !n order

to incorporate camera ports. A,I instrumentat£o_ on the nozzle was affecte_

and, conseqaently, had to be relocated. The mountin_ hardware has been redesip_led,

and the drawin6 is now in the first sta_es of checkin& prior to release.

The fabrication drawin& for the tun_sten-rheni,.n thermocouple has

_een completed for the NSX-A2 Hot-Flow engine, and the design for the port

adapter to be used with the LASL NRX-A thrust chamber simulator furmace was

completed. The port adapter _rawings were forwarded to LASL for review The

adapter was found to be incompatible with LASL facilities. In lieu of the

dynamic calibration and testin6 of this thermocouple at LASL, it is presently

planned to statically calibrate and test the unit at the AGC-SRP Aerophysics

Laboratory.

En&ineerin 6 work was initiated on the NRX-A2 Hot-Flow instrumentation

system drawin&, specification control drawin&s, and schematic diaf_-ams. These

documents are required for component procurement.

Appro_mRtel_ 2_ drawin&s were in various sta6es of completion at

_he end of this report period, and completion of the ent<.re NRX-A_ Hot-Flow

d_twin& package is expected by 15 Aul%ust.

Preliminary frequency response tests oa the Statham Model PAT_TC -

1M-_50 pressure transducers indicate that these units are within the vendor-quoted

_17 Task 2, Pa_e II Item _._
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s,.-,c_f_cations. The NRX-AI instrumentatioa installation drawin&, schematic: and

all _ tall drawtnss were completed and sent to check for processing and release.

"fhe _fX-A2 measurement llst was defined sufficiently to start instrumentation

speclflcation control drawln6s, and installation and schematic o.rawin4_s. NRX-AI

speci£_.catioa control drawings for engine instruNent installation were released.

Based upon a review of Tacilities and personnel available for

instrL:wntation installation work at NR_, a decision was made to perform all

_tch work at NRDS.

CFDTS instrumentation procurement action has started and toe ill'st

draft of the NI_-A2 plannin6 parts list was prepared.

C. MECHANICAL COMPONENTS IRRADIATIO_ TESTS (M_IT)

Specifications and specification control drawin6s have been released

for all instrumentation components for the MCIT serles, through MCIT-908, ex-

cep_ for the pressure switch and flowmeter measurement parameters. Fxtensive

work is row being ar:omplished to complete component specification control

drawings for theo_ last two item. Procurement activities continued to be

expel/ted to assure stocking of all required If:IT components and ,omponents for

two Instrumentation Control Pallets in accordance with dates established b)"

project.

Fabricatior of two RTT calibration sets was 50_ completed.

D. CRYOGF_IC TEMPERATURE TRANSDUCER DEVELOPMERT

.'. .Electro-0ptical Transducers

After satisfactory performance during d_namic engine co_lx_ent

tests, a hieh precision transducer (Silicon Temperature Sensor Serial No. i,

row.-act=:wd by Electro-Optical Systems) was recalibrated in liquid neon (-_lO.8°F

_otnt). Repeatability at this point was found to be 0.06°¥. The repeatability

of this unit h,_s been established at 0.15°F at the -_°F point.

The reduction of _ta on Silicon Sensors No. _ and _ has been

CONVicted. Special curves are bein& prepared to fit the _ata fr_ each sensor,

• °
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and the sensors are bein 6 installed for o_namlc en&Ine test runs. Special

, .:','¢zare required because the individual sensors exhibit differences of as

_..,chas 4°F.

2. Rosemount Transducers

A recalibration of the Rosemount Model i_ EB platinum tem-

perature sensor (radiation resistant design) indicates repea_ability to be

wlLhin the 0.r'2°F figure claimed by the vendor.

The temperature calibration data taken at 20, 25, and 28°K

on e_ch of six Rosemount Model i_ CT evaluation sensors have been reduced.

Sixteen data points out of a _otal of 18 points repeated to within O.O2°F of

the original data points. _ta at the two points indicatin& sensor resistance

shifts was questionable, aria the data will be re-examlned. A report is bein_

completed to document the fonmulatlc_ of Code N and its data acquisition cap-

ability for the temperature range of -_25 to -_O°F. The Code N intermediate

ran&e was needed to measure cryosenic temperatures in the _aseous hyaro6en

re&ion. It provides a _reater accuracy than the Code L and covers a wider

temperature ran6e than _he Code K. The sensitivity fcr the Code N at -_80°F

is 12.8 millide_rees/di_ital count, as compared with 17._ millide_rees/di_ital

count for the Code L.

An interim potentiometrlc RTT simulator has been deslsned

and fabricated. It has a three-channel capability for Codes K, L, and I_.

Assembly drawings have been released, and calibratic_ has been completed by the

Measurement Assurance Laboratory. The interium simulator will be used in con-

junction with potentiometric RTT system accuracy studies.

A Rosemount Model i_ CT 400 temperature sensor (Serial No.

539_) was received on 16 July. It will be calibrated and used in stem con-

duction studies.

3- ArM3 Transducers

A detailed calibration procedure has been completed for platinum

resistance temperature transducers manufactured in accordance with AGC specifica-

tions. Comprehensive studies have been made of liquid hydrogen properties

119 T_k 2, P_e I_ Item 2._
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to determine valid paraF_ters for vapor-liquid volume ratio as a means for

hydrogen quality detection. Preliminary design studies were made to determine

the feasibility o£ several &ifferent techniques. The capacitance density sen-

sor was selected as the method compatible with the environmental conditions,

present plant facilities, s_d the required development time. A prototype

translucer is currently being studied to determine £abrication techniques.

Static and dynamic calibrstio.- procedures have been developed to obtain desi&n

data for an electronic unit to give direct phase, density and quality readouts.

Preli_nary desi6ns have been made for the cslibration and testing hardware.

_. Physical ?ciences Corp.

The preliminar_ transducer design for a hydrogen quality

detector has been submitted to Physical Sciences Corp. for a feasibility study

_f _._ required ceramic to-steel bonding technique. Results o£ this investi-

_txon are required before the final prototype design and fabrication can begin:

7.. THRUST CHA)G3ER CONTROL TEMPERATURE TRANSDUCER DEVELOPMENT

Previous tests of the Rosemount Engineerin& Co. resistance temp-

erature transducer indicated that the particular heat source used for test (an

arc image furnace) was qui+_ limited in heat capacity, and that, quite probably,

specific heat rise increments would be difficult to control. Work on resis-

tance probe configuration studies was therefore reduced for the present, to

permit concentration on laboratory tests o£ existing heat sources and laboratory

measurelent techniques. Work has been initiated to Investigate the thermal

stability of two exlstin6 furnaces end the cowparative performace of three

independent methods of high temperattzre measurement.

A proposed contractual work statement for the developwent of an

experimental resistance ther_caeter has been forwarded to the General F_ectric

Ccxpeny for c_sideration. R_plies are slightly _elayed due to vacation shutdown

at General Electric. A review of accuracies reported by various laboratories

ILkin& hibh telperature measurements was ccwpleted for the purpose of establishin&

more realistic uevelopment goals.
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F. THRUST CiL_BER CONTROL PBESSUR-_ TRANsducER DEV-SLOPMENT

P:_lim_n_r3 ei,ecko,_t of _iI pressure transdacers has been made,

before :_:'.ilation in the General uyn_mics _r¢,.md test reactor. The test fix-

_ ,re acc0c_modates nine pressure transducers. Ei_,ht press_ %ransdacers are

o2 the potenti_meter t)-pe an a one _de by Statham, is of the st_in-ga_e type.

Irradiation testing of the pressure transducers was postponed, due

to re._ctor modifications, to Ausust _, 19C,).

G. REACTOR NUCLEAR INSTRUMENTATION

Four prototype fission counters-type WX-_4}6 for sour':.: ran e

a_,i[c_t-.ons were completed for teztinu. Four prctotype fission counters, _)q_e

WX-9_Oo. for intermediate range application were completed, and are _nder_oin&

lem- tests over a period of time prior to final se_lin6.

Parts for four WX-_5o_ bahama compensated ionization crl_mbers for

power-tense applic-_tlon arc completed. These detectors are under_oil_ _-_mla_

compensation tests with subsequent disassembly for necessary adjustments to

ac_zleve optlm,,m c._mpensation. A desi£a_ modification has been incorpo_l_ted

into the detectors to achieve closer _amma compensation with varyin&

energy spectra.

H. RKACTOR NON-NUCLEAR INSTRUMENTATION LABORATORY TEST PROGBAM

Hibh temperature re,rinD of thelnmocouples is continuing. _le Ai&h-

temperature lifeti_ of 0.055 O.D. tunzsten-tun%sten rhenl,mm thermocouples was

extended conside_bl_ by the addition of a protection _be of tantalum wlth am

O.Ol2-inch wall. One of the tantalum-sheathed %hermocouples _s operable at

_60°R for I_ minutes. Tne temperature was then increased to _720°R, at which

point its operation became errutic. Three other t_m_sten sheathed thermocouples

were operated at _A60°R and _9_2°R respectively. None of taese tnermocouples

failed and readinss a&reed with the optical pyrometer readings.

Several types of experimental %hermocouples of 0.090-inch diameter

have been ordered for further testing.

121 Task 2, Pa_e i. Item R.
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Qualiflcatlon tests have been completed on N_-AI linear dis-

placement transducers (LVDT type) at ambient and LN_ temperatures (candidate

sheets LR-} and LR-4 mt,qpart numbers 96ABOO2HOI and 964BO2_HO1 respectively).

The units tested indicated excellent results well within the specified require-

ments for NRX-AI application.

Laboratory testin6 was completed on Statham 5as clamped accelero-

meters and Physical Science reluctance type vibrometers prior to radiation

testing. The Physical Sciences units were returned to the manufacturer for

desien cnanees.

Tests have been run on Wiancko qualification and subsequent ir-

taxation testing, including combined vibration ambient and LN2 environments.

The units testes were within specification and are to be irradiation tested

at GTR for I_I_X-A_qunlification.

Qualification testing is in process for the Kistler Dynamic pressure

transducers for NRX-AI (PR-9). Temperature tests Coml_eted on 20 units at the

vendor's facility have indicated no apparent change in performance from ambient

to I_2 temperature. Additional testing, includin& vibration, is being conducted

an four units in WANL Laboratories.

J, I_DIAT!O_ g4vFECTS T_ST PROGRAM

i. Plum Brook Test Facility

WANL-_E,-421, Supplement 1, was issued to complete the test

Teat

a3/'W l

Component

Reslstance Thermometers

Strain Genes

Thermocouples

2. .C,ener_l D_malc8 Ground, .Test Reactor

Irradiation Test No. 7 at GTR has been delayed becatme of

reactor sched_lin6 problems at _e General Dynamics FscLLtty. _is test has

been t4ntatlve_y resched_Led _or ccmpletlon _a _t.

specification requirements for the fol_owine_ tests to be conducted In Ausust:
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K. kSr/_uIX _UBCONTH_CT

One report was issued b) Bend/x _ui'in C %n_ mon_ oi" J_l ; _:vallation

oi" Ber_llia .u%a _horia as _lectric_l Ihuci[_ t<;rr, for _xtreme Hi,if Tempera%ul_e

Ti-_ulsducers, B_ndix Rcuu_i_-ca Lubui'_5oz'i_. d,:i,or_ _|o. _56_.

L. SUP_'AC£ MOUNTING TR_SDiEEP_5

Stu._i_u _Li-c uL .h,. uO'*_ .ULC,_ LU Oh%., ,.*iz hr;itn- Ll [_ surface %l_nsducelu

L_I_L w._l ,,_'oviUc a cOnu[: LcnL u,i_,.at of + ] Volt. A fixt:n-u uuln u constant

b'Jlial ra_i_tioI_ effects Oh _,,Ictuzt con.bitted .'_ GTll on 71_ st_in

:.ahes on 15 Y_E 1965 have not been released•

M. i,INGINZ INSTI{Ut _4_TA'I'ION :IVALUATIOI{

_h_o laboDatorie: :reviuusl> submit%in_ pr_posuls for env_ru_,uent_l

_estin b of N_-AI cold flow instr._menta%ion we/_ vi3itc,l _ul %,leir 1"aelltt._es

reviewed. A purchnse order was awarded %o the Component ,._8_uaZion i_oI-ator'_( u

(SOUth F_i Mmnte, Calil'orn_a_ Enviror_mental %e¢ts "_ere st.%z.ted <:,nq-I,Oz'.

,.. ::.
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Item 2.5 FYEI,D SUPPORT (RIFT)

General exchange of engineerin6 inl'on_a_ion c_nd liaison :,cti,'tles

:ontinued throughout the month.

Details of activities are reported under individual task items

concerned.

.i

!
l

f

F

1

I



Report No. L0_60-I0-2_

• i

Item Y.6 RELIABILITY A_D QUALITY ASSURANCE

WANL conducted a formal quality-assurance review of the Astrofuel

_acility to determine the status of the fuel quality control and other items

affeoting fuel reliability• Corrective action recommendations were made where

appropriate, and follow-up action initiated• In addition, a review has been

initiated on the 5RX-A1 test specification.

A survey was made by WANL to define the cleanliness control problem

as _ b_sis for writing specifications ar_ procedures.

.nree s_w_liers were approves by WALL as a result of supplier surveys.

Supplier surveillance surve-s are being conducted on a continuous basis to

ensure that all qualitL requirements are being met.

LRP rellebili%_; personnel have begun a r_view of the preliminary

input for the _iEX-A1 test specification, in conjunction _-Ith radiatlon-effects

studies of .;iX-A1 non-nuclea: engine materials under item 1.9.

Evaluation of the final ?old-Flow Development Test System plan and

the development of a statistical test plan for the Cold-Plow Development Test

S_stem has been started by LHP.

Two modes-of-failure analysis nave been coml_leted by L_P, concerning

mc_es-of-failure analysis for _ne radlation-effects pallet No. 90_ and for the

radlatlon-effects control pallet•

LRP has completed a review of the final NRX-AI Cold-_low assembly

and disassembly procedures and of the final NRX-A2 hot assembly and disassembly

procedures.

The LRP Quality Control Division conducted five vendor evaluatlons

and, in addition, completed three internal Quality Control audits.

Reliability monitoring by _endlx of In-house major actuator assembly

components resulted in focusing u_tentioz on the need for suitable containers

or vral_ir_s for the heavier parts darin$ interdepartmental movement to pro_ect

critics1 machined surfaces. Corrective action is now being accomplished.

,,m m
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Continued design analyses by Bendix revealed a possible interference

fit of O.OOO1 inch in the alignment slots on the base of the Midwestern Torque

Motor, F_rther investigation resulted in a zc_nge of dowel pins which f_t into

she aligr_ent _Io=_, thus correcting the possible interference.

Tze design r_vlew effort by A_ _ontinues and includes review and

approval of th_ N2 purge 3_stem, MCC cab-door drive, EIV truck jacks, EIV con-

n_cwors for manipulator or remote connections, and the EI_" vertlcal-carrlage

a_rL_ly.

Consultat!onw_s provided by the FEON ReliabilltyDeparrment to

.._, _o _tahlish the ground ru_=_ for th._ir reliability anl quallty-assurance

prog__n plan. Additional meetlngs have be_-n scheduled to clarify any possible

proOl÷m areas•

Farther r_liability effort continues in _b_ analysis of me%hods

of *-_t__mezi.ngh_A _ngine reliability from da*a gotained during develop-

mgnt t_%_ng. Several different plans and apprcmche_ are being considered.

An extens[v£ surv=y by the REON Qaallty Assurance Departmen_ has been

made of the= Th±okol " _mical Corporation, Shawnee Division, Sha%mee, Oklahoma,

in re_ard to th_ procarement of tn_ DTS-I Steam Generatlon System. In addition,

a _cv_y tins be_n completed for the Associated Pipiv_ and Englneerin_ Company,

Compton, California, in relation to the procuremen + of cryogenic pipir_ for the

__'E_'vA Program.

_onitoring of the r_liability and quality assurance activities of

the par_ioipat£ng plants by FEO_ is on a continuing basi_. More detailed

info.'_ma_ion concern_a with reliability and quality-assurance activitie_ is

s_parat_ly reported.
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Item 2.7 SAFETY

A. SAFETY AND HAZARDS EVAL'I_TION

i. Reports

Work continued on the NRX Safety Analysis Report. Em-

phasis was placed• on the meteorological aspects of the site, a_d the radl-

ological consequences which might occur downwind of fission _roducts released

during normal operation or following a nuclear excursion. Ava__able computer

codes for determining downwind concentration of fission products are beir_

evaluated. The nocturnal drainage phenomenon is under consideration to

evaluate its implied restraint on test operations.

A review of the safeguards to insure against accidental

criticality during reactor assembly at WANL has been completed and a report

was prepared, including facility design and operating procedures.

The RAC Subroutines LOWTM_ and SCRAM have been combined

as a separate program to facilitate debugging. Debugging of this program is

near completion•

2. In-Flight Poison Removal Systez

A core-nozzle test rig was used during recent poison-wlre

withdrawal tests. During these tests, two sets of clusters weze evaluated;

one set used 8 clusters of 2_ uncoated, O.063-in.-dia stainless-steel wires,

and the other, 8 clusters of 24 teflon-coated, O.O_7-1n.-dla stai_les_-steel

wires. In both cases, the wires were withdrawn from the clusters at the

maximum radius of the core• The breakaway load for the uncoated wires was

140 lb and the losz! required to clear the core support blocks was _lh lb.

The corresponding values for the coated wires were 33.4 and 121.2 lb. These

tests further emphasize the desirability of coating poison wires to make it

easier to remove them during flight.

Further investigations were made concerning methods of

coating small-diameter stainless-steel wires. The most promising approach
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appears _.c be utilization of teflon tubing, in this case, the tubing will

be slipped over the wire and the assembly wlll then be drawn through a heat

gun. :his %_Ii cause the %uDi:_ co srmi:'_ Rr.d slmultsneously will permit

It_ exp_nslo_ evenly over the wlr_, thereby formir_ a tight assembly. This

_rocess is simil_r to %'..:eon_ being used for shipping poison wires, with the

excel=ion that r_olyetn:'iene is use: es the co=tif_ in the Ist=er ease.

B. FISSION PNODUJ7 D!FFJSIbN S7.DIES

A fissio:_ pro,1_ in-wentory program has been %Titten sat! debugged.

[he l_rogr _m cel-_-ul_tes the _._iwities i_ microcuKies, _s a fun:tion of time

af_.er rest.or sh_-1owr., of fission products res-Aitlr_ from thermal fission

of L-255. Arj ol_erstir_ hlstcry, -.ucn as s series of s_ar%-ups ar_l shu_-

dO%T_s at various power le'#els, c_n be treated. [he program is being exp_nded

_o i_,:l_e _ne gamma and beta source energies resulting from decay. Four

g_mma 'an_ five beta energy groups 9re heir_ considered.

[he results of _he prDgr'-=m are compatible wi_h results obtained

a% N_r_i, end will be in.'_rporeted into the source term program.

lhe radio-chemistry on zhe fuel samples in F::-2 has been com-

ple_.ed, ine fission product inventory was higher by an approximate factor

cf _en in FP-_ than in f}-l. Lata are now under review for interl_retation.

Post iFrsliKtion heat tre___ment has been completed on capsule

W;uN_-_[._-). The flux monitor wires h_ve been an'_lyzed and it appears that

the flux level for 97-3 was compar=ble _o ._P-&. The s_mples nave been dis-

solved arJ radio-chemic-'_l _n_lysis n_s been initiated.

Capsul? WA._=-FP-$ h_s been ircacliate_ and at I.resent is in

transit to the WYR facility.

?apsule WA_'I-__-_A was prepared for irradiation of re-entry

burn-up samples. It arrive2 st $E16 on ql _:e 1965 _nd h:=s entry burn-up

smm;les.
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C. MECHANICAL AND PHYSICAL ASPECTS OF REACTOR EXCURSIOI_

i. Electrical Transient Experiments

Experiments were continued to determine the magnitude of

conductive heat losses t.hrough the copper electrodes of the sample holder

assembly. Two runs were maae in which 2.71 Kw were supplied for lO0-see

to 70 gm of graphite having NEI'C_'Afuel geometry with, and without, a heat

sink affixed to _he electrodes. For the first 20 see the heating rates

were identical, but at the end of the lO0-sec heatin E period, the sample

with the heat sink reached a temperature of 1020°C, while the sample without

the he_t sink _s 5_ higher. It appears that con_ uctive heat losses also

are negligible durln6 the dera_ion (i00 millisec or less) of tests at high

power inputs. The optical pyrometer (thermoseope), previously used unsuc-

cessfully to measure the transien_ temperatures, has been modified to read

actual temperature measurements during the transients.

A feasibility report, Eleetricall_v Simulated Nuclear

Transients, is in final preparation.

The water immersion topical report, WANL-TNR-IIT, HXdro-

dynamics of NERVA Core immersion, has been completed.

D. RE-ENTRf SAFETY STbD'_ES, RESEARCH A_ND DEVEL3_

The results of simulated re-entry tests for the burn-up of

graphite spheres in the transition flow regime have been completely analyzed.

Mass loss rates for 1/2 and 1/8-in.-dia spheres are reported in terms of

simulated altitude and velocity data• _he data are Being interpreted in

terms of a generalized mass loss rate equation which will be used in the

WANL re-entry code. Data for samples of other geometries are currently

being analyzed.

An analytical study was undertaken to formulate a coaputer

program for predicting the dispersal patterns of reactor fragments on the

earth's surface as the result of explosive destruct. The results of this

study are to be incorporated in the existing re-entry burnup code as part

of the overall source term program.
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;arious ama/_,tic_l _etbods for determlnimg the decay time frol

ellipticsl orbit_ are being ir.westt_ated for their feasibility of beimg pro-

gr_an_l .as an _lun--. to the re-en_ry ¢_e. A parallel effor_ has been

made to lo_-_e existi.-_ _n_l_,ses a._d/or _-_mpu'.er p_ that will include

su.r. ref1.-emen_s as ear+.h rot__tion _c_ noc-c_servative gr'a_lt.ation.*l fields.

An tr._ormatlon flow dig4_raa f:r tr, e sour_e__ _erm p_ has been

_rep__red.

A S,m_mr_- scree_xr,_ .-e_o.-_ o= cbemt__al destruct system, WAI_L-

.-..E-399, n_s been completed.

E. sri2"-_-:_-f'_L AZ'-_':II.'_S; _ E_-A.'_E._ £-F FLIC:_T _AFK'IT

:he prelim!nat.,- fessx_ility refer*, on the use of additives has

been _-c_-p!ete_ as WAf__-_-II_.

_ork fas beer. t_.itta-.ed on the seeorzl p_se of the e_6itiwes

progr_.m, whic_ has as its objective an in,_e_i%_ stu_ o of the mechanical

properties _ oxidation behavior _n_er mo_e a_w_need _T_es of destruct

•est in_.

Approximately _0 ehemi:_l _es_ru:t test_ will be conducted _.o

de_ermlne _he effez_.s _f gaseous -.a.i:_gens 3r. rue emhanc_en_ of r._e primary

d_:tr.ct oper_tlon.
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I_ 2.8 TmDm_

A kS-hour iadoctrinstio_ course relatl_ to Test Cell "A" vas

Ki'_e= t= the seco_l class of eleven =rLinees, and to seven AeroJet Rocket Tes_

Te:h:leisns assi_:ed to Test Cell A. Additional and im_ ir.structionLl

ma'._rials 8e-_e._*.ed for this eo_rse vere prese,:.ted.

O_.-the-_': tr_Inln_ of both teeh:Icia_s o_d ez_rlD_ personnel

is u_derm_- for the VILriO_S positions at the Coatrol Point. Preparation of the

Oper_L:Or's q-_allflation _ has _ee _- initiated. Operttor tr_ is

effe=-.Ively beir_E eeDduete -4 thr_ "_e -ase of the Control Point Si_IAtor

Sjs'_a-
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?hirty-alx -.e=h_tcal ._r_o:_el sr_ _,_rer-tly asst_ to [AS.'.

s upi_=rt _--tlvltles.
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Item 3.0 G_kL S_TPO_ FACILITIE_

A rev_.ewwa_ _mpleted of the final status report prelma_l by the

.ql!l_M. Par_cn_ Jmmp_-_" f.:zthe freliminmry Master Plan for NRDS under _on-

1



Item ._.l _IDNA COL&_T _'_ST_ (.qm_

A. .::ALEM':D_=DEX;K-...'M/KYP.

_ne f:r_; _erle_ c."+Im._plr4__ests utiiizl.n_ %he high

".ham_=-_.pre_s/r.= _. cctlm_m. = -cC p_ia) sez.-r.dL_ ejector has beer. z-_.-

plebeS, Lnd the data are beir_ ar_ly=e_-. Fcr the setond serle._ of test_,

which mr= '.n pr<_ress, ,_o _e:oniar;; _J ,,- ._uct has been In=teased in

_iame'.er t,- -mpr._ve _he perfc,._:_.e. A _reilzlnar7 test, _'sn_u:ted wltn

-<_._: :ilr.gen f.r bo+.h primary and __.-'+naary sy-:_ems, in_!zate: aL increase

.o o ........ . o_- v--rf..+msn-e 2_e T.- ,hi_ -:2if I .a*i. _ -:"_ the %r.i:'dzeri+-_ uf tes+-z, an

a:.:,ulernozzle wiil repiaze the +-_" -- ".... "+.+,.ajax n_zzles that no," comprlse _he

_ eJe._cr r.c zzle...c ?n_sry

The Dyr.azl TM S:_en:e .... _ • -_.+r_:.a.i... is :ontinu_n E its st,adios

:.n the _ape_rsomi." ga_ =ixi_'_ pr:.b!em. _q',atic:_,shave been deve!_pe._ for the

mixi.-4_re_!-:n wi_h ".he as_:ump_i.:n tha_ this region begins a_ t_e plane in

whi:.h _ne static pressures of the r'_=er and inner _tream a_e equal. The major

pr_tiem remazni_ in the aaaiXti:s/ effer_ is _he _eri_tlon of the mechanism

b.v whi:h the press,,res in the tw:: streams are e_aa_ized.

2. Sub-Sub,ask 3.l.3_ ETS-I NES C_'nfl_uratlon

Lea_sge te._ts -,f the S_T-2 c_nfl_-_rati_n c,;ntinued during

thi_ re_p:r_ __riod. These tests indicate that the _:.s_ satisfmctory ms.nner

in whic_ turbine exhaust flc_ .-an be handled is wi_h two suFeraonic (_-_:l)

nozzles located at the nozzle exi_ plane. Tests _erf._rmed on the twenty-four

sonic nuzzles a_ the nozzle exit plane and a parallel fl_w z_iinder leuated in

the elaine comlm&r_ment dl_ not give resilts e,_l_ir_ble to tho_ obtained "_ith

the saper&onlc nozzles.

The v.mpleti+n ,:f the l_est serie_ of leakage tests on the

5ST-2 c.__nf_crstlon c:mp!ete_ the test ir4_ program associated with Sub-subtask

_.i.;,

:'-.!{..".:-:":.
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B. SUB-S_BTASK 5.I. L, D_IGN '/]=ETS-i DUCT

_. Du,ct Fre-ir,'-nar_; _esIK:.

The I(F_=.ETC-i J_-t [.r.:!i.-..tnary_es16n study I_nase wa-_ :c:.-

t£nue: }urir_ thi_ relx,rt !-,ert.-_d._he f:ilbwtr4 _ a _escrii_tiOr. of the

•._ntr,:.at_._n_:_f the stud)" _rcups.

a. Coolant FIv-" Ana'_,:;si_

_il a%_il_hl- pa--'t ni,_t,:ry _n_ :',,rren: :riter£a data

ws_--a_-:_tled. Dj,-t-':,x,la:.[.water t_he-se-tijn pressure drop, velo:i_y,

tempera:ure, and water fijw --_te-= were estahi!shed. Steam and shield syster.

data "_ere ,_ttain=.d and e',_luateJ - _ete._r..i.'.e-he o',-erali process system

respznse •

The wat-r s>._ter.,was analyzed for pipe size, velc:Ity,

ar._ pressure dr(_. M_xzmur. =u_'_ sec_i ,- cutlet orifice diameters were

de-er___ned. F'_,)w pressure-- "_ere :alc_:at_-J based on system capacity avsiiahle

f;r pre-at_rt, ran, an_ ::,?:-iown.

Ansly_=i_ cf the system is being continued using "K"

fact:r: for available pressurea _'4d fl.,w oap_bilitles after pre-st_rt, engine

run, an2 c,z3i-down, with either p_l_i-n_ er partial flow.

b. Preliminary Design

Design work has cgntlr.,'aed d'ari_ the _st month which

will me:hanically describe the fabri_'at!Dn and assembly of the NES _fS-I duct.

The fo!lowinE drawings were completed during this

report period a_d are being re_-lewed within RE_:'{:

Primary D_et - Upper Assembly, and Cool_nt

Pas ssEe Assembly

9C ° Elbuw - Tubing Assembly, aad Fixed Hinge

Support

Water Shield

Upper Seal Assembly

inst zamenta_ ion

i_7 Task 3, Page 3 Item 3.1

, ::. :'.

: :,. "."

¢

m



."": .._._ • .".: .. i'"'":. ".'""'i'i
:.!.ii! !

Report No. LO_,eO-lO-2_



_,_'SL ..*l_ -,')

opera, ion, This will _e a._compii_hed by a%tachlng a duct specimen %o a

!_.qu!_ _hem1?el engine exhaust fiance. A series of englne firings can then

_u._'e:[ the _pe'.:me:. _< t.-.=:nern.'.al anJ ze'.n_.r,ic i,,a,_Ir_g approxlmateiy eq_iva-

ie:.t t "hat ar.tlclp_:e: i: "he "\_ 5'I:,, :p,_ra'.l_.n, Tnls InfDrmatlen w$11

. _ ...... %. ° •

• 1, _:: profile f<.r all _utt -perati:_ and s_atic z:r.di_ions

_-._.. t .r-_.. .-.r__;,'r: ,'iil c_ prepare_ for _n-.lu-i-n in the duct design

"r[; :'1'._.

A _ut-=',;a._ the,..w,a_ £tre-_ ,=.._t i_ h eir_ prepared for

re.._.'_r_ul%.-a.,','itubular-- _ -- :.h_z.nel _ to_,:o_a.... z_eime:, t _upllcate the circumferential

......,__ -. -_ _,- '.he * _t _iar %r._ r-_'ta-_gular ,c!an_ channels. _rom t.h_s _es _.,

the _.la_t--pla-::_ . ztrai: :n :h-_ -, -la:_,, -ha_nel :an be determined, and th__rmai

_r,a -_trai:_ data reJ..rrJ-:u. AIL daze fr.:m _nls te_t will be c,,rrelated anti an

appr,'._riat._ 2_._.ig:.,,a_ue f,'..the min"_muz, _-y_ii_ life will be determined.

:no coolant ".naL-.:e-_ _-av_ _.een analyzed, and a cycle llfe was

det_rm-n__, ta_ed cn e!a_topiastl. _ _trai_ conditions the channel memb.ranes.

_,.r_,..tural ahaly_ ,_f the duct manifolds has been :on-

du_-te_; tne pr_pased design is '.'ompa_ibie _th current design requirements.

(<her str_cturai analyses are in pr.,gres._ for %he duct

severan[e plane, _he seal-bell..._ attachments, asso__lated problems with the

water shield, and t_e secondary eJe'.'tor plen,an chamber.

The st._actural ring frames, which are required to prevent

buckling from external pressure and t'_ provide dynamic rigidity, have been

sized and incorpvrate_ in the duct drawings.

All load_ have been determined _',:rthe carrying truss, based

cn the f_ve supp.:rt system_, an_ most members have been sized. The ":two-

piece': tr_ss iay<,a% concept has been compl=.te,_ to aczo_nodate all interference

c ;nditi_r.s. Details of special Joints nave been located and detailed.

i_9 Task 5, Page 5 Item 3.1
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J. SUB-SUBTASK 3.1.5, STEAM G]_EF_TOR SYSTEM

The proposals were evaluated, for fabrication of the ETS-I

Steam Generator System, and Thiokol Chemical Corp. was

selected as the _cntraet_r. Fia2ement _f _n_ ,:ontra_t is anticipated during

the next reptrt pe_riod, pending approval _f the selection by SNPO-C.

Re_nsideratlon ._f the site louation for the steam generator

system at ETS-I has been undertaken. Since the selected site (on the vertical

wal_) nas the _isadvantages :f high radiati._n enwrc__ment and inaccessibility,

a new s_t_ is c'Arren_ly being considered near the shadow wall. However,

c<mpleti,n _f water-flow te_ts will be ne;essary t_ establish whether an

adequa=a pressure can be deliverei at this elevation.

Preliminary design of th_ temporary instrumentation and controls

for the steam-generat3r development program at k_IS-1 was initiated during

this report period.

Effort has been contlnu_d to obtain GFE trailers located in the

United Kingdom for the development i&S for the SGS. However, no firm delivery

date has yet been established.

An anticipated steam-generater te_t pr,_gram has been established.

The pr36ram consists of two test phases_ zy_tem development test utilizing

trailer-mounted I&C, an_ a fo._n,al system demonstration test program patterned

after preliminary fligh_ rating test me;dols.

D. SUB-SUBTASK 3.1.?, N_ I_'EGRAri_

1. Uncocled Sheet Metal Du_t

it is proposed to construct and install in ETS-1, a full-

scale snout-metal duct to he used for a series of tests to substantiate in-

formation obtained from the scale model tests; _nd other tests are proposed

which :annot be conducted on suP-scale models. This test data is required

for the design of the NEd duct.

Cost estlmate_ were received and re_e_'ed for: transporta-

tion of sheet metal, instrumentation of sheet metal duct, installation of

lhO Task 5, Page 6 Item 3.1
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_beet-metal duct in toe vault at EIS-I, and pr._curement of the upper bellous

as_.embly.

2. Duct Dec_ntam£naticn anO _artiele _;enetratlun St_dle_

Ine pr,%blem$ ,.,fcore particle penetra:i_n sad fls_ion

pr.cu:t pi_te_t '_ere the main areas _f eff,,rt in the past month.

Analysi_ and studies indicate that any particle larEer

t_:an a gra[n of _and, if' accelerated t_ the velc,:!ty appruachlng the engine

exh_ct ga-= velocity, will de severe damage in the elbuw .uf the d_ct upon

impa. r. Thi& pr_,biem L-= belng furtnur investlgated.

After eac._ run, du',,t a_-emblies zn carrent use at LR? re-

quire re$oldering in areas of part iule impingement caused by particle pene-

trati._.-.. Similar re_airs may be needed on the ::ES sect. Studies are con-

t.i.uu}ng toward evaluating suitable coatings tu prevent or attenuate particle

penetrati..n of the duct. A report 5howin_ the Latest analysis on partic_ '

dynea,£cs and metallurgical compatlblli_y i_ being prepared.

The fissl_n p_-..)duct plateou% te&t program was prepared for

the ..-196& Program. J,_rrent literature dealing with fission product plate-

out i_ belng assembled and analyzed.

D,

H

H

A method _'as _r.>p._sed f..r pre_icti¢>n uf %he velocity of

flake-off particles in the EIS i ejector system: as a function of particle

size, -hape, density, and d_ct louati..:n.

. E_S-I Duct Acceptance Jrltsr_a and Minlm_mA_:eptable

Standard_

prepared.

A r_ugh Sraft of the iQ_ _ct Fabrication Criteria was

JSE and D_,'t ;nstaila_ion and _emoval

5.

•:,f duct station.

lhl

qne _'_perati_nai Supp._r_ Plan is being prepared.

?se and _:perati,:nal Analysis

Preliminary duct design dat_ were compiled a_ a function

Task _, Page 7 item _.I
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6. Malfunction Anal_sis and interface Control

As a result of the work in progress, a Design Handbook cf

tne _ES will be prel_Ared.

A prelimi._ary fl_# diagram of the NEd cooling water system

wa_ prepared. In addition, preliminary diagrams of the duct cooling water

operating tlme sequence (to show a typical valve operation without regard to

engine operation), an_ of the existing facility instrumentation and controls

(t._ sn..w valve operation in detail) w_re prepared. These diagrams illustrate

the opera%.ien uf the water a,toma%ic :entrcl system. A detailed facility

in_trlmentatlon hardware list is included.

A preliminary diagram .?f the duct instrumentation has been

_ni%ia_ed. This diagram is used in conjunction with the cooling water system .

_iagram and will incl:ade a detailed du_t instr_men_aticn hardware list.

A study is in pr_re_s to determine the effect of the fire

protection water demand on the ccollr_ system.

Piztoris& suhematic diagrams of the ET$-I steam generator

and fire protection system_ inclunir_ sequence of operation, instrumentation,

_d hardware lists, are in pr3ces_.

A schedule of pressure temperatures and flow rates of the

pro_ess aria water requirements for _S-I is beir_ prepared.

Zhe above _ocum, nts will be used to determine the llfe

expectancy cf NE8 components for use in establishing zhe service maintenance

policies.

lh2 Item 3.1
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Item 3.2 T_'T

review co_ents on specifications and dnadmKs of the ETS-1

fire-protection system and facility additions and modifications were

completed and submitted to SNi_3-C.

The ETS-1 PERT network, as prepared by _;PO, was reviewed in

comparison "_.th the network prepared by REO_e The _ ErS-I c_mpletion and

activation-checkout P_ were updated to reflect the current prolx)sed engine

test date.

Efforts were _ontir, ued in establishment and upgrading of ETS-!

Facility Functional Requirements, consistent witL engine design and program

requirements, in the folluwing areas :

A. Preparation and updating of design criteria for the adapter

assembly and the Test-Stsx, d thrust structure.

Be E%_tluation of the C_id-Flow Test System propellant-line designs,

now in use &t H-5 area of LRP, for use in ETS-i.

Revision and expansion of the KTS-1 test procedures and countdownCo

schedule •

D. Coordination of _S-i cons_ract_on and acti_tie-- ,dth 1_ "Tin

Can" duct and steam generator testing.

E. Coordination of NERVA Exhaust System I_C requirements and control

console layouts.

F. Initiation of ErS-I ._illty-To-Engine Interface preliminary de-

sign criteria for previously undefined areas.

lh3 Task 5, Page 9 Item ).2
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F_e_t No. l_O-lO-_

It_mm ). 3 re's-1__ou _ _..v[_o_ _sl_(

Re,:iev com_n=_ _ of the Fi_-i !tC Systm p__.lizlnary-d_.$1_n pa=kaee

v_re p__s_nted by .___ to _R_O-C a_ a _e=ti--_t in Ar_aj m 8 and 9 July for

concurrent __ prior to si_'.al to EG6J a_ _-c_ni_._tldirectloc. S_bs_-quent

leetlr_s hewer- S_-JO-C, _--_, LASL, I_P, an_ _ re_.ilte4 in iacorporatioa of

Joint _EO/, an_ _ c_=t_ as ad_-_r,_'_-Yo. 7 to d_e E_S-I I_C Design

Crlt_rla, whien-_ l__-=ll--'beda_ t_n_mi=_i _.o _'_/_3-C for =o_cu.__z__nceand

trar_mt-._al ,.oEC_-_. _h_= follo_ t=.cb_!caZ di.,_ctlon, _iulr_ to =om_le_

A_-.ac_nt _o. 1:
Attacl_=: _o. 2:

_ac_E_ s'i_Z-'-t'-_ ty g_C-. _ co_¢_o.I._ :on'-rol a_i display _tl;ulations m

-.'_-i.n6":pda-.cd in con_,_nct£oc _it._*_ t_--.i-_ Y_Vt_-_° by R_D._ to r_.flect _ latest

r___nt--_ incl'_ilng t_.o,e Zr.A i_!'_ I_o. T- _m C_trol Point Buildi_

-v_C E_lu_Im_nt [-ro_ed Zayo= t "-_ c':'_-ntly tei_ r_=vised to I_zi_ an

Console oomm_ to bo:% B!_*l emi -2, !ns+_ of o_e con_ol_ fo_ each tezt sta_l.

Th=. c_nts on _ console-_est_n Im-._a_s, _ Ul_]_te_ co_u'o]. 84_ display

-_b-_tla_tons, lod t_.#_r=_v£_ed control-c_nter e_,iil_ent l_yout rill be t.-wnsmitted

s_l-_ra_sly to B_3.

T_ _nal d_sl_n vell_ and _.ost estIam-..-s fca- Facilities Nodl-

fleation of tas_-s_trA termlr_l boxes R_l c_b_ +--'_Fs,sul_Itted by _,

curre:_ly be!a_ r___-_i for f_in_lai_ by I_3S.

F._.3 is pr_-parlng _echuical ii_ection to _ for impl_ntatlon

of a ._eliatill*.y a.-d Q_al!ty As._'_r_ncc P_-o_-_._that will apply to the ETS°I

i • C _e__!_n _ffort. The_ pro_-sm _-!11 include mon_-_..oringand maintalnl_ sur-

;-eii!an.-__:of E_@_'._ _eliabi!l=:; an_ quall_y a_su_-_m_-e sys_, procedures,

repor-_ and perfor3anc_.
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Work is currentl_ in proip_es stud v_11 continue in _ _ of |

In_rface tnL_Eratlon of _, _._I_ slmLlJtor, and c_c_t.

[__vLev a_i UlX_tlcll of t_-_- EI_-1 _.lectrlc_1 pmmr _luir_nts.

i_eviev a,.a _.fln!t!on of +.__e _o'_or .-_qu_nts of the consoles
and .-,'_cks in _be Cont_-oX _oce.

l_evleV of _ Sys_eu c_p_en_s and provision of critical
failure _ata.

F_vi_ _ c__nts on E_L3 :_Lft_-n_ _ Nsxn._l.

I_temim_im of the _-abl!n_ requests for _-_t7 vent

_Ive. _. Furnlshi_ o£ d_-_.all li_i_ of c_trol i_a_:'.io_ r_cL'-'i-_e-

_o___t _finltlo_ v_*.h _ of t_ _eig_o_mnce rmlutre_en_-_ _r the

Tbermocouple O_wns. .._repL_tlon of Jus%iflcatloa letter to _PO-C
for ,ase of _r- _ i_t_ai of _ii_.

__eviev and u_J_:_4_ of _.%_- Control-Ro_ Layout -_t_.li_i_ a
c_oe. L_E Co_solc for E_-I a_d ETS-2.

Rev$_ of previously s:a_e_ functio_l r_u$re_nts for

e_ustlt!e _a_ a_._ ox:._n dstectors in the er_e c_nt.

I_.fiui'.iou Of _:h_i of -_et_ctior, of air flc_ i_+.o _he CTF, rl+.h

readout is t_ _- Cor.Lrol P_.

P___Jm_ion and t.z_ns_c___-ioc_o S@_O-C of a cos_ _Is foz a

pr_ed _-_1 _ _-._. band r_.cozxli_ s_te_.

_tez_i_ation of an a:ce_ta_le m_hod for pro_Isio_ of control

locket bei_ s_ar_t ber_een _I_S-1 and _-2.

C_pletion of revt__ and s14_n°off of final vellums for cable trays
and t._.st stud tez1_i_l boxes, facilities _od_-fication.

Bevlslon of ETS-I _ Criteria A_de_d'aa No. I_ and _ in accordance

_Ith S_I_-C cQ_euts.

C_mpletlon of review and c_m_n+.s on _-i coa_rol-rocm co_o1_

des!Kn l_C_q_ sutmit_e_-_ EC_IC-.

I_.ter_tnatioa of the r_luir_nts and propose_ i_ple_ntation to
provide ll_hti_ for TV Statior_ 9, 10, and 11.

Task _, l_e II It,s._._
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_:fiaitioc of the s]_c_. __e_juir_ment_ on t_ TO(: for the _ System
c.on_,.,-ols and dlsp1sys.

D___i_rl_.!onof -'._=Ds_ Eeduct-or.._=_uir_nts Kei_-I I_Z.

F.e;-lewau3_ c_rt On Di_Ir_l =a_a Sy_rA_ Fu_ctloosl Spe=Lficatlon

(F.ev. ," ), a._ based oa c_az_e_ ne_:es_ary to transfona this docent inT, o a pro-

c-Jz_t_n: _I_ _i_'_to_.

_. tg_FAT. _ kND C_iCA_qOL_

_=.:aile_ -'_-_i.--_and =:srif!ca*-_on._ vcre made by H_)N, __t-h sab-

_e_u-n'. _--r_n_'i:al to _ an_ S.V-rC--',or..the folXcrd_nK:

I. _= _ S_ "_:

._rovis!on for a_ aiar_ z-. "_ I_E for _.n detector at

_h_ air it_let _ the _ir_: The folloving requtre_nts _re defined=

_dia:_oc "_.._i_.orP.ecorder_ on _..h-.el_E, recorie=_ for t_e :_abu._tible gas and

ox_K_n mon_torir_ _:a_on.-', local a.,_,'sl a!a_ r__quir=men_s at the raaiatio_

monitoring ._ati_, and _pac-_ r=1-_iz_c= = on the. Facility Console for t_ fL_e -

2. Tel=vi_ .ion S_ _.'.=z

sen._l_iv,..t¥o£ -.z_ _.=.l_vi_ion sys+_ _ defined.

E-_S _. d___c-._ _.o lwrfor£ pho-.og_=p:ic _¢ey of _" Sta*.lons I, 2, _, and 5,

and propo_ S_a_ion 3, in order to a_.r_Ir_- _J_=ther the 25-ft r_wer for

S_a_ion _ car. te elL_i--_-_d. Tai_ ,_'.,.,_r "_ cc_pieted and it _ concluded that

_h_ r_=r-_ c_zld be. d_le-ed, an] t_t Station ) c_'.ld be_ relc_ate_ to the roof

of _ho=o Station Ro. 6B. Thi_ dlr=ation _ _ _efi_ed in Adder_dum ._o. 7.

3. S!_ral ConditionZrg Sy._te_

various e_re-_n_.=ts reac_e._ a_ a _echnical _ee,.Ing held

at ACC, Az_a, on 19-20 june I_6_ ar.d sub-_e_uent tel_cons ooncerni_ thi_ system

were coal £rmed.

_. Electr:oal Po_r S_st_m

_fie_ r_or_ing r_solution and ac=uracy requirements for the

EI_c_.-r:c_l Pow_.r Uy_-'_m w_r_ confl.-med.

i_6 Task 5, Page 12 Item 5._
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RFO_ l_po:: _(_ ;-sic Cri'-eria - EnKine Test Et_nd No. 2 _t NRDE

•ms revisee In ee.-ori_:.-.e wi=n _;:_-" i=_'ec%ior_ _r.d :ssued d,_vi.-,_ _his report-

ti_'. w:* _ ET_-I. ._.i_ ._-por- preset'-- _ :_-=a _b=_=_e: :hro,_h a_ ev_l-_*.ior, of

-_r.ts f-__-the _%1_';A_-._lne.. "_ F_i.'.e _'-a:I- :es_ :omplex u:lllza_io_, ETS-_

f_-...-'ti:)".alrequl.,'e.me::s. _ i _-::"°i _-:_J __-i'_'_--_i:::eE.-atio.-_.

.- -_a:,aW:,rk _s been inlti_t = :'. ".'._==';-__'.-._men'._:" -he :e=hr.ica/ " "

-w:=ui::_ 'r:m RE'.'.';:'-: t_._ EI.Z-- .__:_g..._i::=a-:j . _= abo_e rep_. in

£e:_e__l. :nis is ___.'Or_ri'Dr. f-]_-!':-: "t in' :.':'%:{S-::_cl_!_ ,.hose of _.he

enEine-ro-?est Sta-_-i,per:i:_lar!'." ;he r.:.-te-':Kbc::o:; lest Sta_d Eq._-I :o

Tes% S-_-"_: E'.-S-__.:_j -e&, _:'_":.: =_Ext_: ..c.:<=_:o '--o sehe_,_le for submi_-

-al of this %sta will _ :z:z:. wt.:. -:: ::aL.---.e__Is :f _ A.-_'hi_-ee%-_ineer

a.-e known.

A stuSy hes _eK2. -o :e/÷rr__.-.el.re EIS-I e_n_ E._S-E con_-rol sys_ez

interfaces. _nd _re=_.-. po:e_.ti__llv. _4:i.-'nK_ _ in:e.-lo_<s or loek-ou_s, as direc-

ted tv Sh?:-?. .'2_.estu_: will co:sis-, of

period.

_-etermi?,_.'.i¢:: 9f _..--eco_.', s :s-e_ _n: components,

an e_luatio:: of the ¢:_._mor.sn_:_d Sysnez re_lati_e :o nee_

for in_erloeks_ loekou_s, c-_r. controls, a_ other poten-

tial areas of interferences,

preliminary evaluation of me:hods of l-_:egrs:ion of EI_-I

control system with EI_-2.

preparation of flow diaErams and con:rol schemstics _hat will

_epic= _he a_-eas where interlotks or 1.__kcuts may be required

to a_sure saf_r.y of E-'S-I/EY-.$--_ operations.

._-hisstud;- is sc._ed,:led f:_r c.:m_letfon _- the next reportLng

i4 -

° -

Item 5-
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Item )._ Sa_D N_V_

_v_;A opem:io_el r_@uiremen_s __re. extruded and up_atei, to assist

- L_e Arc ._.i"._¢_.-_=__r _n•, Ul_Xa_Ing .le._i_ncriteria sma in establlshg_nt of

fi_-a! _-.._i_n, _pcclficalls" In _.!'._. follovir_ areas:

Dimensional _r_uirem_nts of provisions for transfer opening
:_ _II eoor_

V!_.-_IN_ .ra.yl_lot._;vr[ah _-ez_ _-n_mitted, Inclu_.l_ _BOB's

ccE_.nt_, _.o SyI_.L-_ In ,_Sl_r_e %o their request of Ju_ i)

.__:_7..7Aope_ra:to=al r:._=utr=_nt_ ___--.c"---rently u_er study for

Pha=e 7_i of _,L.e feaslbili_y st,A:y for E-HAD facilities and rallspu.-s to aceamo-

date 2on=-_rrent '-'_eof t_a_Xand E-Er4g_ne operations in the E-MAD c_lex.

In accoriance, wi+.h S_ Proc_u___, REON completed transmittal of

t.he review backup _a-_ for _.h_._a_-pulator Sl_-=ifications ; the "Y" radi-

ation-moni_orir4g 4esign _ra_J_z_ ar.d the system specification x_gl_in to be

+ransmltt.=d. I_!_ r_.-,C._is to be_ _sed on SNPO-C _ecisions at a rmliation-

monltorlr_g meetir4g vhi-_h __a__. not yet be_en ._ch__duled ty SI_PO-C.

in ac-=or_n¢_ "._h b_._S-: Proced,_res, REO._ completed re;z_ of

_he 700 Ser!_._ "'C=_r*.Ifle_for Construe-ion" P._se iI _r&_-_.

NE_,'A operatio_l, functional an_ -_a_ety -_e.lu_nts %_re

establl.-'k_ as requi._:_, xn ord-_r to cor._uct a comprehensive review of E-lga_O

design specific ite_ an_ ar__a_ expa_de_ upon d_rlng this report period. Items

of this _a*._ which have been _rar_mlt_ed to SNPO-C, or are in preparation,

in:lud _. r-¢-tilinc-ar an4 ma_'_r slave man!p'_lators.

A me.eting _m_ _Id with SNP_-C personnel at Azusa during the _ek of

July _h for review of r_u6h draft relative to re..co_en_tions for total _nIpulator

requi r-_ents.

I_8 Task ), Page lh Item ).5
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A meeting was held at K_ office, Las Vegas, bett_en personnel of

S.WPOoI_, VITRO, and REON for discussion of ._COl_. and additioml required data

to defirm. Item+s plann_i b_, SNPO-'= _o te procurei for E .-HAD I_ modifications.

I_F_'_&ttende_ a we_tir_ _hel._ it.._:" "fork to give S_I_3-C dlz_ction

to Vitro on =v_in@e_ to E-?_ Ptas_ iX '_or ADprc_al" dra_rln_s and specifications.

C. E_ ACTrvATION P_V._--.I_S_D PRCC_I_

Deconma_.n,iei equipment Izs_ for E-':AD %__re urarmmltted to _PO-C

to -larify %'_ult-A-_aay _n_ Co_nt!ra_ Roc_ _ _..-llm_rt sa,d total manipulator re-

quireme nts.

Pr:p_..-a:io-_. of _ne E-_'_D A:_i-_.iO: "-'_i_e continued _'iring this

period. T.'_e gaiae i_ approxizs%=iy _ _unple_e for _he E-MAD Phase I cold-bay

ac-.i%ation section.

L_

tJ

lh9 Task 3, Page.15 Item 3-5
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Item 3.6 RFACiF6 _'_TOPME_;T FACILITY.

The final report on the cold-gas mixer model tests conducted at

Azusa Y._.sbeer. written and will b_ .__lea_ed in the near future by BEON.

?echnlcal d-seu_slen$ wlth c_6nlzan[ NRDS personnel were held to

asee_'_sir .h. pr-_ress 3_a-u-_ and s_'h_.ddles of 'Test _ell A modifications. _The

f-,l!cwlng tn=.m_ ha%_ :es'_lzed from-.h-:s*: _Iszassl_.ns:

_. JFLD 3_S .MIXER

Flow tes',s w_r9 _9..du.... on +.he iASL C_ld Gas Mixer at _, uti-

lizlrg 9;e.-.l.-gp cr manual co:_zrol. -he r<-s,_jts indicated that the mixir_

c_m_.+: ws_ se*.!s'_actor:;."or -ha flow c)'.ii_ions ":.: whlzh it was subjected.

Closed-loFp "es.s will ._e c.':.-uc_ed durl:,g August.

? WIDE B_2_D I_'?SI_..JME_...-!Ii?_

_-_rehase orders have bee-. issued for the equip-,_nt required for the

195 cn_:n_l_ of _d_-'cand i:'_s[._m_:._a_ion. IA-L estimated tha__ 30 to _5 char_-

nels wo_._d be ins:silo! b-- 15 _._:ez:_-er 1965 mud the rem_J_nder by 1 October

1963.

C. SIGNal CO':SIII)::iN3 E_['IPM_Z.C

,[A_L h_s desigred _-new Oci_e--ype signal conditioner for str_in-

g_e type chsrmels which will provide _'apebili_.ies for bridge co_pletlon, zero

su_p:esslo_-_, bridge balsrce, %-oltag._ substitution, calibration, and resistance

shu_ntl.ng of -he bridge for checkout purposes. ."_.eresls:ance shunt will not

be. used f_r calib._ation purposes because the required six wires from the trans-

ducer _.¢ the sigT.al c_ndiIioner are no'. now available. Sixty of these ,_nits

w_.ll Be ordered, but will probably not be a%_ilable for ]_X-A1,

Ope.n_ting procedures for Tes_ {'eli A Facility Syste_ have been written,

end st=_ in process _f !nten:al re%_ew. _cumen:_tlon of Test Cell A Control-Polnt

ope.-_'.i::gproced,_es in supp-_rt ,_'f_.NL L_e."_tor Training Program will be

develop-._ !n -.he near future.

150 Tmsk _, l_a_e 16 Item 5.6
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Item 5-7 RADIATION EFFECTS FACILITY (REF)

During the meetings of 18 and 19 J'Ane at SNPO-C, redirection of the

REF was est_bllshed by SNPO-C perso*u:el in the following areas:

IT_e REF Cryogenics facility will be sized for a lO-

minute run capability in lleu of the 20-mlnute run

capahillty previously est_llshed.

Facility start-up requirements will be rased on ASTR

start-up time. bu+ will not exceed 20 seconds.

L_2 h_SP tolerance _t the inlet to the pump will be
increased from _.! psi to _0.2 psi.

_S? need no_ be held at the steady-state point during

star_-up.

BEON's evaluation and study of this redirection, based on current

materials radiation-effects re_tizg az_d Dperating requirements for the Propel-

lemur Fee@ System (PF3), established tha_ the objectives of the _FS testing

would no_ be adversely effezted.

The facili'ies Minimum 8tart-up Requirements at NARF for PFS tests

were tr_nsmltted to SNP0-C on ll July 196_.

Personnel of SNPO-C: GD/FW, _nd M. W. Kellogg visited PFS testing

facilities at LRP on 2_ and 2k July i963. _aring this _%sit additional oper-

ating requirements of the NAR_ Facility were requested from REON by SNPO-C and

M. W. Kellogg personnel. This information is being generated•

On _i July, SNP0-C requested by telecon that BEON review a

proposal that P_S tests be eonduzted at NAR_ with the PFB in a horizontal

position, rather than in a vertical position. This proposal is now being

studied by REON. It would require repo_itionlng the reactor so that the same

relationship between the PFS e.zd rea_tgr would be maintained.

151 T_i_ 3, P_- ! " Item 5.7
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Item 5.8 NRDS RADIOACTIVE MATERIALS _NDLING a
AND STORAGE CO_LgX

i

DECONTAMINATION,

A meeting between personnel of SNPO. WANL, and RECN wac held in

Clev_lazd on 19 July to revlev S_ z" _.....-_ co_ment_ conRerning preliminary releases

of zh,: fo_ow.ng _EON report_.

._ Peporx _59_ Eadloactl,-_ Ma_erla!s Handlin_;

ana S_orage Complex Design Concept and Criteria

Deconzsmi.-_ tion_

P._O:-P,eport 2592 - Supplem_n z D_tail Data for Co_t S_mar[ in

R_por +.2_2

KEON Neport _603 - Er__ne Transport S[st_.z )_intensnce Buildin_

De-'_ _gr: Criteria

......_._l_por+. . _06_0)- Supplement n_+o__,_--_. Data ._e^-_o_^_+_Su_m_ar_- _-

Nepor_ _O}

At the m=eting, SI_PC-C dlr_-.ted F_ON _.o defer [._suance of Report

2592 _nt_-I relea._ed b_ SNPO-C and to i,_-su_Report 2605 as corrected by SNPO-C

in meeting, but not _o reissue the_ cost supplements.

S._O-_ reqae_.ed REO_i an_ ,A_i to r_vie'.-anm re-evaluate the engine

-_,_oling and _aatation mon'torlr_ r_ Au_.r_men'_. Work ._._sbe_n initiated to meet

this instrac_ion.

The minutes of thi_ mee_xr_ _r2 transnitt_d on 29 July 1965.

.Report 2605 h_s be_n r_v_sgd in accordance _ith S_?O-C comments_ and

I_ schedul_d for publication in Aug._t.

Report e592 i$ being _pgr&ded in accordance with S_0-C co_-ents,

and an Au_Astm_.etin_ i_ plannm5 for SI_?O-C review of the revised report draft.

REOV xz a'_iting f_xr_her instructions b_fora release of _ubJect report.

Tb_ Action Item Summary Report was updated and transmitted on 29 July

196 .
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Report No. LO_60_10-2_ .,

Item 4.1 PR_KAM PLARr._I_GAND CDNTBOL

[o:_ract fear 19_ pl_n:_ing w_s eontinued and extended to prepara-

_io_ of preliminary de_ailea _lanr.ln£ networks for all significant subtasks.

_reliair,sry sehedo/e in%erf_.2e re,iew meetln_s were held with all principal

)_.X-A1 planning anl schedule co;,rdinatlon meetln£s were held with

w_,_. _-A1 _ask _oree s_por_n_ e_:o_is were ¢ontlnued.

_i-_eekly 9£_f reFor_ were submitied :9 S_J-fl as required.

157 _sk h, ?a_e 1 item h.l
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Item 1..2 FIS;:AL CONTRCL

Pr_paratlon _f the Prcgram Plann!r_ Dccument for CY 196_ con_inu-_.

Pr_ps._t £..:n.:f the data fcr 3hange Order N._. ! to Mo_ 8 was init!ate_. The

:4-nznty __'i._cslSuppl-_ment tc the J:A:.eProgress Letter was prepared ax,i

--..bmi.-_eJ_ , S.'_F_-J.

158 Tmsk L, Page 2 Item 4.2
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ADDI ,.'I')NALD_CU:_E:i:A::_'.;

Ihe following addlzional doc_me-nts were prel_ and publishe(l by

,RE _ durir_ the report peric2,

RE :- _ _t e Report
7eporz "_e. i ran_itzea i i_,le Classification

227_ T'29"6)

2)_c 7-1-_)
Q.

250Z T-15-_)

25_3 _-3o-6_

_O5_O-iO-2_ 7-1v-£3

.-o

LJ

LO560-iO-P_ 7-25-63

LO56O-lO-2h 7-_2-6_

-57 7-_-65

-38 7-9-65

-39 7-I_-_5

-LO 7-2}-65

-_l T-30-6)

-15 7-2-65

-lh 7-9-63

-15 ""7-I_*c5

-17 7-30-63

63-20 7-5-63

65-21 7-19-6_

L .

_aterl_ts _roFerties Data _ook b._&i
(2_I Rev.

:._-_zr,_-_e;:tatlon ..'at__mok (_r_ Bey,* C-RZ

E_S-2 Zri_.eri_ S-P/)

Let ! .cC i i_EF_A £r_Ine Simullttor C-RD

_nformzl !znt_!_" Progress ie_er C-RE
";0. _a

Reli_bilit:- _ Quality Ass_nee UNCL

,Rul_plement -..-Mont.hlv Progress
Letter :_o. 2a

._is_al S_pplement -O b_on_.hly UNC:

---,'ogressLetter _1o. __

_eekl:: UNCL

Weekiy D_Ci
_c. _

Weekl.: '2NCL

.L..,.39

Wee_iy ,,_.'-,_
:,c. hO

"deekiy O_Ci
No. _I

Weekly Si6niflesn_ Events _ Reactor C-RD

Com_r_nent ies*. Fro@_.m Progress
Repor_ ._'o. I_

Progress ._'eport_';o. lh C-RD

_rogress Report <o. 15 C-RD

frogres_ Re_ort :'o. 16 C-RD

Progress Peporz No. 17 C-P/)

5E?.? F.e_ort CONP

--£9=_Seport CONF

_.i_.nli@nzs Reporz ',r_._)

.-igr-li6nzs Beport ('_,"X)

ni6nli_ntS Fepzrt :"i'-'X;

nigD-lignts @e_or. '.TW]{_

iigr,ligiRv.sRed,oft (.mgX_,

I

r
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ae_ort no. LO56O-ZO-25

Date
Trana_tted

T-16-63

T-19-63

Title

5ub_on_r_ctor Nonny Progress

Report .?or june (W_, _.ndix, _qF)

b_ $S .q_terl_s A¢count_bllity

Station _an-'_al

Report
Class I f_eatton
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Report No. L0560-I0-25
:

Item _-5 SUBCONTRACTS ADMINISTRATION

A. $'_n_COWTRACT NP-I - WESTINGH_jSE

Disc us ._icns were held with W_,NL relative to the Program Plan for

Contr_.:_ Year 1964. Preiiminartv inf-_rmaticn was received during the early

part ,-f the m._nth; the re'dsed W_rk Frcgram and Budget were received 30 July,

and fur_,er re%_sions and discussion _ili take place in August.

_. SU__C':_TPACT NP-2 - _ENDzX

_mendment Nc. ! t3 Supplemel:ta! Agreement No. -_was completed

_.._in_ :=ly anJ mailed tc Bendix for their re_vlew and execution.

Be:._ix Program Plan and Cost Study Proposal, Report No.

BPAE-_3-381-RI, for Contract Year 1964 was received on 50 July.

Supplemental Agreement No. 2 was approved by SN_c on ii July.

The AM/_-Program Pl_r. for Contract Year 1964 was received on 22 July.

Amendment. _,o. i to Supplemental #_reement No. 2 was forwarded to

A_ for approval aud signature on _ July.

D. S:j_CO.WIRACf NP-II - G_-_NEPAL ELfCTRIC, VALL.ECIT,3S

Factiitles survey of the General Electric %'allecitos plant was

a:compiished on 5 July.

._egctiations were c_pleted arid subcontract executed by General

Ele__tri _.on 29 July and forwarded to SNP0-J for approval.

E. PRnPOS_ _JBC._TRACT NP-12 - G_ERAL _EVI'RIC, W_ L_I_N

Negotiations were completed with General Electric, West Lynn,

Mas_a:husetts, on the piston-type TPC'4, and a contract to start design and

fabrication is expe:ted to be let early in August.

1 ":_ Task _, Page 6 Item _.5
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Report No. LO56C-10-25

F. PRCPCSED SL_._RTRA_ FOR STEAM GI_ERATOR STST_ - TASK 3.1

F,.n_.wing eval-_tion of all pr_pozals received, purchase order

was pr._par._3 fer a_ar4 to "lhiokol on the basis of low bid. Facility survey

_a-_ m_e ..-n19 J'_ly. [_r-ha_e order was f-_rwarded to S._C-C for renew and

. _R_.F_SED SUBCG,N_RA_T F_R A_%L'fI.IC _JCT SYSTEM PROSRA_HG

Requests f'_r %.,-.:tati:m were_ i_sueS for the analyti z du.=t system

prig rammlr_.

-.'. ED-'TPR:.__._._IYC_NTROL SYSTEM

At. KJ__ property cunzreA system similar to the LRP system is be-

inE set up. A meeting is planned at Westinghouse in August to integrate

c:n_.r..i _yst._m for tooling and special test e_aipment,

165 Task _, Page 7 item _.5
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Item 5.1 SPECIAL T_T D_UIPM_T

_AGO (LRP i T_T ZCRE "C")

Fabrication of the _0"4 vessel for Test Stand C-7 was essentially

completed during the month, and the vessel is currently being prepared for

delivers" to LRP.

Formal bids covering the installation of the vessel and related

piping systems were requested early in July, and contract award followed

sh_r_!y after. Test Stand modificatiuns were initiated by contractor personnel

on 23 J'mly 1963. Reroutir_ of the _"-6 I_M2 fill llne was successfully uum--

pleted by AGC personnel.

Design work, as associated with the modifications to Test Stead

C-6 to accommodate NRX-A cold flow nozzle testing, was completed, formal

bids were solicited, and a contract was awarded, scheduling completion of

fabrication to be within 19 days. Installation of contractor fabricated STE

and checkout, of the modified sv_nd is scheduled for early September.

Design work associated with the TPCV testing on Test Stands C-7,

C-8 was completed, and drawings prepared covering the piping installation by

Tes_ Operations Personnel.

_°

t
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Item 5.2 SPECIAL T_'T EQUIPM_RT

AGC (LRP CRYOG_TICS LABORATORY - TEST ZONE "A")

The fabrication gu_d installation of the TSOV test setup was

essentially completed in the Oryoger,ic Laboratory during the month of July.

'_'nlymir.or piping hookups remain to be completed.

Fabrication s_nd installation work on the LH2 transfer piping

systems was initiated by formal contract. This work is scheduled for com-

pleti:n in September.

A,:ti_ work _.l:the remainir_ items of CY 1963 contractual require-

ments .:ontinued throughout the month.
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Item 5.3 SPECIAL TEST EQUI_

AGC (LRP - TEST ZONE "H")

Contractor fabrication ef the eJect.-r system for Test Stand H-5

was :,:.mpi_.%e_ in July, and shipment to LRP a._complished by late July. Actual

in_tallatl)n of _he complete ejec-.or system will be initiated in CY 1964.

Shop drawir_s for the Test Stand H-6 TSOV vessel were approved

by Test Division design and AETRON. Fabrication of the vessel was continued

thr. ,_h._at the m>nzh and is currently approximately 5_ complete.

Details of work involved in the Instrmmentatlen and Controls

aetiva%i.,n change oraer were transmitted to the electrical contractor for

pric_ d__termlnation. Subsequently, contractor activation contracts for Test

Stand H-6 were awarded to the mechanical and electrical contractors, and a

c.ompleti _n date of mid-August wa_ established. AGC activation completion and

the fir._t TPA testing are _cheduled for the week of 23 September.

Activation of Zone H propellant and pressurant storage _nd trans-

fer systems was initiated with the loading of GN 2, LN 2, GH2, and i_ 2.

Work on the supersonic difgaser, vacuum vessel, and handling system

for _es% SIand H-L progressed, and deliveries of portions of the diffuser

assembly are sched::led f.zr August sx.d October.

_he bidders' proposals for tes_ area additional re_dout equipment

t _. ac :,>mmo_ate CFDI'S instr_mentazion was forwarded by Test Division to SNPO-C

for approval.

169 Task 5, Page 3 Item 5.3
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GOVERNMENT PROPER IX

There was no activity in this task during the reporting period.
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IV. PROGRESS STATUS

The accompanying charts present task milestones as selected for the

various contract tasks of' the contractual Work Statements. Certain of the

items cannoz be readily progran_ned by discrete milestone events, and charts

have not been prepared for these items.

These milestone charts in.'lude those presented with the various NERVA

Technical Administration Documents presented in REON Report RN 63002 (C-RD),

entitled NER%'A Engine Development Program and Associated Tasks_ Contract Year

1963 (Revised), June 1963, and all have been expanded and modified as neces-

sary to reflect the redirected program.

_hese chart_ have been upg_'aded to reflect progress through July 196:.

Where milestones have been accomplished, the appropriate completion symbols

have been added to the chart. If a scheduled milestone has not been

accompii_hed, a re-sche3ul'?.g has bee._ indicated and 6 discussion is prtsented

in the following paragraphs.

Task Item i.i En$_... S[stem

Milestone 2{0. 1 h - Ship @hield Reflector Match Plate

Rescheduled ce-ause _f delay in obtaining drawing approval for

single s._rce ven aor.

Mxles'ccne _'u. 28 - PETN Submit Final Te_ . Sp_,_s. tu BNPC-C, NRX-AI

_ _- at,...Id-z_,.w Test NRDS

Rescne_uled because of rescheduling of ._'._X-AProgram,

Milestone Nc. 32 - LR}' 3cmple_e Acceptance Test NRX-Ap Cold Flow

_escheduied because of resch_dulirg of NRX-A Pregrmm

Milestone No. 39 - Complete Requiremen_ for Block i Engine Control Loops

Rescheduled be-,ause of addition_l time required to obtain complete

analy _is.

177 Progress Status, Page i
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Task Item 1.2 Pro bellant Feed S_stem

Milest:)ne _c. b,. Select and PI_-Jure Cs,_didlate Check Valves

Neseheduled. Valves ordered but delivery by vendor delayed until

the end of September for the cooldown check valve.

Milestone No. IO - Ccmple_e Design _ud Layout of Mk-IV TPA

Change in guile lines by SNPO-C re-suited in r_scheduling of

c =_pie_: on.

Milestone No. 18 - TPA - Suction Line - TSOV Test (Start)

Re_cne_led because of delay in C-7 facilitie_ modification at LRP.

T.as:;.Item .1-3 Nuclear Sub__-stems

Milestone No. !'_ - Vibraticn _Aa_e II

Cancelled by program redireetlo..

Milesttne _'lo.!5 - _i_rat£c, .mna_e Ii

Ce_nceiieJ by pr_-_m re_.'rectlon.

Milestone Be. & -.epor_ cn Outer Bee!ec_or Stress Analysis

._es.'he_uie_ p_-nding final review.

.'Mi!_-sroneNo. 52 - Test Spe_.imen _recurement Complete

._.es_-nedu_eapenJir_ vendor _elivery.

Milestone No. 6h - lest Epe.aimen Fro.-urement ?omplete

Beschedulea because of delay in procure_,ent of filler strips and

pyrolite-

Milestone N_. 69 - _est Sp_=zlmen -_r-_carement Complete

Res__heduled because leaf sprites and core barrel are not yet

avai labl e.

Milestone No, T! - Tes_ Specimen Pro_'uremen_ Complete

Rescheduled because of vendor delay.

178 Progress Status, Page 2
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Milestone No. 72 - Test Rig Procurement Complete

Rescheduled because cf vendor delay.

Milestone No. 75 - Test Spec. Pro:urement Complete

Resched_led because vendor is %unable _u supply the tie bolts.

Milestone Nc. 77, - _.e__t Specimen Procur__ment Conplete

Re_cheduled oecad_e of vendor 4el_y.

Milestone No. @7 - Initial Tests Complete

ge3cneduled be?a_se application of the strain gage required
additional _ime.

"/le-_t_ne :_=. 9_, - Tea _- Rig _=rccurement Zc,_plete

Cancelled as a result of a review of the component program.

Milestone _ic. ! ._ - inlt_al Report Issue_

Be_2hea_l_5 betau_<_ th_ re_Ire:_iDn of the component pro6ran took

a high__r pri,:ri%y.

Milestone _o. 1.56 - !esz Specimen Procurement Complete

Cancelled as a resul_ of a review of _he :omponent program.

Milestone No. 1D7 - Test rdg DTo.'urement C mplere

]an_elled as a res al: .:_.a review u.-_the c._mponent program.

Milestone Nc. I_B - Initial Tests =cap!ere

Cancelle3 as a res'_ . - -. revi_---wof the component program.

Milestone No. ii7 - &tart. Fabrication Plate, :as_inEs and Toolln6

Sancelied Deca'_se of prDEram re-dlrecsicn.

Milestone No. 125 - Complete Fabri=atlon of 7 Hole Test Plate

Fescheduled b_.ause of pr, =urement problems.

Milestone No. 129 - 5tart 7 Hole Plate "Iests

Reszheduled pen_in_ completion of fabrication.

179 Progress S_atus, Page 3
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18o

Milestone No. 138 - Statlstic_ Prediction of Maximum Fuel Temperature

Issuea

Rescheduled, now in fins/ _raft fcr_ and being prelmred for review.

9Lllestone No. 145 - Pre!lminary N_X-A3 %term_l Test Request Issued

Rescheduled b__cause o'."_.he latest demands of the reactor test

schedule.

Milestone No. 151 - NRX-A3 Core L:ading mud Tolerance Specifications
Issued

Rescneduled consistent with latest de-_.uds for fuel fabrication.

Milestone No. 15-_ - Freliminary NFX-A_ Naclear Test Request Issued

Reszhed,iled because of the late_t demand_ of the reactor schedule.

Milestone Nc. 177 - Preliminary _on_rei Mait_ction Studies on the

N._-A2 Complete

Rescneduiea be:ause of effcr_ expended on camponent engineering

_-,d ,.-ibra:i:n st.adles.

Mlies_=ne No. 211 - Appro-_a! of L_.sign of Instrumentation System Instal-

latlcn b_ l_trJ_entat!on Laboratory

_escneduled pe_r.dir__drawir_ ava_!abillty.

M_ilestone N.j. 212 - Cor..plete Prvcf-Tezti._ and E-_aluetion Report of
iastr.Amen'.aticn

_e.=chedu!ed p_-n'-'i:_is_umnce _f d&t& Sheets and reports on

acceleromet_.rs and pressure gages.

Milestone No. _-lT - Appro'_al of Design of ir_trumenta_ion System
Installation b_ instrumen_aticn Laboratory

Reseneduied pending or_wir_ a_aiiability.

Milestone No. 218 - Complete Pr._--f-Testlr_ and Evaluation Report of
Inst rumen_at [on

Rescheduled pending c._mpletiun of the radiation _est program.

Milestone No. 219 - Complete Procurement Specification for
InEt F2ne ntat ion

Bescheduled pendip_ further detail definition.

Pr_gress S_atus, Page
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Milestone Be. 220 - Complete Sl_eiflcatton Aeceptanee Testing and
Calibration of ir_tr_aentation

Rescheduled. S__ciftcations will be written as part Of the

procureu_nt s_eci_ieatlons.

Milestone No. 223 - Complete Proof-Testing and Evaluation of Report
of I_t_m1_tion

Rescheduled because the transducer develol_ent program affects

this milestone.

Milestone No. 22h - Complete Procurement Specification for Instrumen-
tation

Rescheduled pendi_ radiation test results.

Milestone .No. 22_ - lff_-A2 Fuel Element Fabrication Complete

RescheduleQ because of fabrication problems.

Milestone No. 2_0- Process Specifications for Fuel Elements for I_X-A_
Issued

Resched_zled pendir_ resclu%ion of the fabrication problems.

Milestone No. 23_ - Initial Repor_ Issued

Rescheduled. Draft is complete and report is in process of

being issued.

Milestone No. 238 - Test Specimen Procurement Compl_te

Resche_uled because of specimen supply proble

Milestone No. 239 - rest Rig Procurement Complete

Rescheduled pendlr_ flrml check of _he redesign.

Milestone No. 2_O - Test Complete

Rescheduled pendinE check of the redesign and haz_ware problems.

Milestone No. ?_6 - Test Complete - RedesiEned :omponents

Rescheduled because of late availability of component.

181 Progress Status, Page 5
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182

Milestone _o. _._occ. Test Specimen Procurement Complete

Reschedulel becsuse of project redirection.

Milestcne No. 256 - "Pest Rig Frocurement Complete

Rescheduled because of project redirection.

Milestone No. 262 - Test Complete

Rescheduied because oi expended program.

Milestone No. 267 - Report Issued

_escneduled because of heat exchanger failure.

Milestone No. 274 - H2 Test _omplete

Reschedu/en because of redesign of the control drum shaft required
additional tests.

Milestone No. 277 - Test Rig Procurement Complete

Reschedulea because of pro-urement problems

Milestone No. 284 - ._RX-A Phase l Vibration Core Hardware Procurement

Complete

Rescheduled pen_il_ receipt of final haxdware.

Milestone No. 286 - :_/-A2 H._ Beactor Parts Procurement Complete

Rescheduled because of vendor delivery schedule.

Milestone "{o. 288 - .%_-_.-A1Col_ Flow Shield Replacement Unit Fabrication

Complete

Rescheduled because of late vendor delivery.

Milestone No. 291 - Initiate Long Lead Hardware Procurement of

Replacement Hardware for NRX-A3 (Hot Test)

Cancelled because _he nature of the reactor has changed from cold

to hot.

Miles% .e No. 296 - N_dX-AI Reactor Assembly Complete

Rescheduled because of late delivery of parts.

.
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Milestone o. 297 - Ship Complete !_'_X-AICF (NP_)

Resehed,zled because of del_ved star_ of shl_aent.

Milestone _o. 2_ - Stsrt PA_: Assemblj NRX-A2

Reseheduled pen_ing vendor dellverj of parts

Milestone No. _O1 - fn_X.-AIFinal Test Specification

Rescheduled because of revisions a.nd engineering eouments cha_Ee

in _ypes of tests.

MilestOne No. 303 - _X-A2 Hot Test

_escheduled pending detailed requirements definition.

Milestone No. 30_ - NP_°A3 Cold flew

Reseheduled per_in_ 6trailed requirements definition.

Milestone No. _O5 - _ftX-A_ _ot _est

_escheduled _ending detailed requirements definition.

Milestone No. _12 - _X-AI Available at

_eschedulea because of" scneauled d_livery date _WANL.

Milestone No. _l_ - _ _ozzle Available at _S

Rescheduled because of scheduled deliver:,,-date from LRP.

Milestone Ho. _l_ - _X-A1 _"RL_ Assembly Procedures Complete

Bescheduled pend_r_ procedures detail definition•

Milestone _o. _l - Complete Design, Procurement and Assembly of a

_omplete Reuctor Mockup for Cheek-Out of _S_X-A

Assembly/Disasse_oly Equipment

Rescheduled pending hardware delivery.

Task Item 1._ Thrust Chamber Assembl_-

Milestone No. 1 - Complete Fabrication of Hjbrld [_ozzles

Rescheduled because of nozzle fabrication problems.

183 Progress Status, Page 7
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Milestone No. 2 - Complete .=zbrication Reactor Backup Two (2) NERVA

}:oz,zles for LASL

Nescbedu/ed be:ause of nozzle f%bric-_tion problems.

Milestone No. _ - Coaplete :_OricRtion Pressure vessel and NRX-A

Rescheiu!._d cez_use cf deley in nozzle fabrication.

Milestone N_. 7 hi'i--re I_A [yr:_mic lests

Rescheduled beczuse of redesign and fabrication problems.

Task Item 2.] R emo'.p d&:,ohr_ E1_1_mer::

Milestone Ng. i-" - E_"

._escne=_ul-=_ _t -.c _-_i "_te _- sift is fin_l delivery.

Task Item 2._ :e±l_x±lt.'," _nd _u_iit.v Assurance

Milestone _'o. 9 omylete 5_:,ie_" cf :_SX-A1 Jold Flow Non-Nuclear

;_s_-nhiy Aczepts:_.;e lest Eats (LRF)

Jencelle_ tez_use of :-,:.'.eil:=_i_:.cf lest u_-x)n which it was based.

Task Item 2.7 S_fe;_v

Milestone _,c. ; - :s,_.e 9e,,_i,_ei _._7 Safety Re_ort on NE_IA Engine

[escrip-i ):.

_esc!,e_u]_ tc iru,'r_3r=te J_t_ £r2m :i er,_ine :4odel Specification.

Milestone No. 15 - Fea:t3r ffni_ping S_feguard_ Re_ort :omplete

lqesehed'_les pendi:_ i_,t_ _n-_lysis,

Milestone No. l& - Rep¢,._. on Fesstbility of _iight _'erslon of a Full

_'ore _u:lear .=clson System Issued

Rescneduled because :f new project direc_ior.

Milestone [,,c.20 "nitisl Re-entry Simul%tion Buns on Irradiated Fuel

.ompl eta

ReschedaleJ beck, use of sub-contractor problem.

185 8
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Task Item _.l S_ecial Test Equipment AGC (I/(P-Test Zone "C")

Milestone No. II - Fabrics'e and Install Transducers Slmilator System

Rescheduled. Program constraints improves transducer and system

calibration c_p_bility.

Task Item 5.3 Special Test Equipment AC_" (LRP-Test Zone "H")

Milestone No. a - ._abricate _.-d Install Supersonic Diffuser and Engine
:n_mber "_essel

Rescheduled because of fabrication delay by the vendor. This will

have no effect on the current test plan. Installation will

eo_ence wi_h scneauled _.S. do%_time.

M_lestone No. 11 - Fabricate and Install C es Generator for Simulator

ann PFA resting

Reschedulea because of installation delay to match activation

schedule of H-6.

Milestone No. -_5 - _sbri:_te and Install .-nstrumentation and Control

_TE -_S-_-_-5-6

Re_cheiu/ea because of szdi:ionsl time required to ccm_plete con-

tractu_l effort necessitatir_ reproving of H-6 teszing %0
L-.'tober 196_.

Task Item _,:_ Spe.cial Iest Equl_men_ AGC %SIE-AGJ) Dow_.e_, Pleat

Milestone No. 1 - Complete Procureme,._ Eleetrical-fnst1,_men_tlon

Equipment

Rescheduled because _est requirements necessitated re-evaluation

of purchased items resa/t_n6 i_ equipment replacement.

Milestone No. 3 - Complete Procurement Radlological Equipment

Rescheduled be_,.," ad4ition_l items _lded for procurement.

Task Item 5.9 Special Iest E_ui_ment LRP - Controls and Chemical

Laboratory (Ruildiug 2002 )

Milestone No. 2 - __abricate and Install LN 2 Pipe System Extension
to Elec Laboratory

Rescheduled to permit removal of program constrains which

will provide more economical test c_pabilit:'.

l'ro£rcos Status, Page 9
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